Single Phase Motors: Small Power and Fractional Horse Power Only. by Mirchandani, A. J.
B 1 H Cl I- S' '■ ' P H A 8 13 I I  0  CP 0 S' 8 ■
{ 'Small $om t ,m& fm e tio m i Uqzbo 2?o~zgt only  )
ProQuest Number: 10803917
All rights reserved
INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.
In the unlikely event that the author did not send a com p le te  manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.
uest
ProQuest 10803917
Published by ProQuest LLC(2018). Copyright of the Dissertation is held by the Author.
All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C ode
Microform Edition © ProQuest LLC.
ProQuest LLC.
789 East Eisenhower Parkway 
P.O. Box 1346 
Ann Arbor, Ml 48106- 1346
' T h e  . t h e o r y  a n $  perform ance o f  & H  'types  -©f S in g le  £li^a@ 
m otors is  cot&marei-il,u?e have been .in v e s tig a te d  ± n  ■ d e t a i l ;  
Ins tea d  o f  t r e a t in g  -each type  o f  ma ch ine  s e p a ra te ly , as i f  i t  
l i a i  ;no tilin g  in  commas-M th  e th e r ty p e s , & n ;a tte m p t Ja&B, been 
saae f s  w'orit' out: a - g e n e ra l1 th e o ry  'a p p lic a b le  to . ®11 type s  o f  
a #o # machines, a^d each in & iv id u al  typ e  is  then  tre a te d  as a 
p a r t ic u la r .  c&se# .A n a ly t ic a l theory-; i s . & iso g i t  on. o f  machines 
i r  w h ich  . th e  te e s  o f  t J i i  f i s  e ts fo r  w in d ing s  a re  r o t  i r  space 
tu a d ra tu re . and to . tb e  h se t VE.o?!i#4ge.0 £lJ.H C .aut&stV -the — -, .. 
A n a ly s is  o f  - Shaded fo ie  machines' on. t h is  b a s is  has n o t been 
g iv m  p r e v io u s ly *  - ; \
. G raphic a i,> s  w on. as a lg e b ra ic ., tre a tm e n t o f  the  d i f f e r e n t  
methods o f  s ta r t in g  .Single- Phase In d u c tio n  motors' is  g ive n .
In  eaoii case, th e ''"b e s t. va lues o f  t& e .& tP fil i& ry  e iro n  i t  cos s ta r ts
h^ve been■c & lc u fa ta l , ' &nd the  re s u lts  v e r i f ie d  e x p e r im e n ta lly ,
The c i# ra o t  @r i  e 11c e o f  Commutator m oto rs , b o th  S eries and 
Shunt, have been in v e s t ig a te d  and t h e i r  p o s s ib i l i t i e s  a s .U n iv e r­
s a l m otors .d iscussed. th e  power fa c to r  improvement o f  S eries 
motors and th e  speed re g u la t io n  . o f .^hunt m otors have a ie o  been 
e a it  w ith ,
a /  I re fa e e  ’ ‘ ; i
s ' The xxtcratuTO oa small power single phase motors is  s t i l l  moaer® : 
a3 though motors o f th is  '.typo. m?o:n£m heists s^m iuetured.la  very l arcs ■ ■-■■ ;
/. isusbors'# - I t  has boon the' 1st®: u io i o f the author to  investigate tlia  ./ :' a /- ; ' 
'.perfoismea o f t lia .types 'o f - singla phas© motors la  general use# and la  fj
, ttepresonfe thesis -the 'author Ima'confined him self to  motors o f not ■ .:.. j
higher' thou loree-«porer*; '■'/■■ a  a " ■ \
. ■ An attempt 'has .boosrmada to  woopfc out a general ■ theory o f a.c# motors ■
• tM eh would espXaia. tlie  porfoznmeo o f every typo of.m ehine la  th is  class, • I
■. a ; . ' . ■ " : ; ■* ■ I
; induction m  m i l  as e<m atator* I t  wan' o r ig in a lly  intended to  calculate •, j 
tho cha rac te ris tics  o f those motors m : the basis o f th a t 'theory and to  ccc*; .
par® 'thon r i t t i  the (A aroofftrig tle ft obtained in  p ractice* .;• But fo r  th a t
. . .  • *  ' 
purpose i t  is  e s s e n tia lto ' 'havo unwound meMnos in  order to  doim m rs the - a 
. x  to  ;
values o f th o ir  dosija  constants# ■ Duo. to  the-mar, however* no xrm ufaeturiu j
f ir a  could supply ouch, nacMros# and .the college mchiuca. could not ho dis** ;
';mantled specia lly fo rm / Investigations* fhe sew ed  o ^ tioua g iv ing 'the
porfoimmnce o f the d iffe re n t motors are ra ther ..Involved hut they could be
'.s im plified  -oons ife rjb l/ i f  tho values o f the design constants wore available#
'In  th e ir  present. ar©«4nspi rin g  fo ra  i t  has- he on thought proper: to  place thorn;
in  cm appendix a t'th e  end o f the thesis#
TdO tlioory o f sue# motors worred out in  tbs thesis is.based on tho
: Cross - Field T h o o rf as -given Is;: A*j»Lan/siorf .'in M s  bools' ,22iaory' of Alton-*' ;■
r '  - * ' /  ; ‘ ' -. /- ' J
sating Onrx-sir, LacbineryV ■ Bor the Vivid concept o f B llip b icc l Field 'V f  
Oyst&i t!xo author mm  Xmeh to F* Oreody* ($00 Beiomueeo* p*X00) / ;  V  
l!y chief float* liomwer* is  to Hr* A# f  *■ Dover*. Bead of the M e tric a l ■
Dapartriont* Battersea Polytechnic* and to  Hr# E* 0* l&ma* B«Se*(-*y * )# /fo r  A
' /  7  . .:
the guidance and onoouragcnont they gave m  teou^hout this vo v lz f - ■ .feteful 
mention should also be male o f My# B* Wells* the laboratory as/dstant# fo r  r':* 
fixing up apparatus fo r  the various O2pori2ionta#
Tm fam *v ■ * • - . ■■♦A ' * ' ’ * . * * ’ * ♦ f
tamolaf uro''. V  ' +. * * .* * ; . • ■ *
X32troaiiOtion: . v.:* - • « - * . * *■ ■ * *• - " *
toaor’il itioory of Electrical Machines * * > *
Wuoory of Induction Motor ' * * ■ * * * *
MbooTtirG Methods Of dingle. Phase Induction Motors • * *
Capacitor Motor # * ; . * . ♦ * * * *
Oo;xatator Motors ♦ . * # ♦ * * V■ if
Impulsion Inunction Motor. ■ #. A # * * * ■ '
• ■?/
/  *
Hoteroncos. * ; . •. '; * « ♦ * - ■ -.*• ■ -♦
Appsndix t ,  ■ ^ ae.rosultet of fwo Pulsating Fields in *
v v ■ :Q; ' Space Quadrature*
. Appendix It* vvEabaXonooi Phase' Induction Motor* with tlio ■
■--AM - ::.^v,,,\.:\...-';.fioia i  M  Space % ia fc itu re *  .
; Appante.XXi, Split ihase .Motors* ,includisg the capacitor' ~ * 
Motor*. ' ■•
trroxidir 171 Oa:icrat;:.tor Motor Sbo&xy V- ■' * \. *
Apponliz V,. nepuloion. Induction Motor Theory;'' * - ' * ;r '• *
MroalmcoX Mco Fireo Xnduobicoa Motor* with the 
stator witnlinco Eot. la Spaeo %iadmturo*
Appendix FIX/ Xhoory of SSmaod Polo.nabofH' /v-. -■■'.> Mr ,'■ ; f
u m  xvx- :;x s? o - ir te ir■ ■ o v x  a  f  t i : ^  , . x te ^ te 'x 'x   ^ - ' -
; ^ u m t: i t ie s :-»loris: m, m m x iB 'iira vf x^rosse! '
' in'-terras' .-of.; t h e : sts%ot:,vtzi^ .±Zi$:W* >li l i e  those b .^axi^y&re-'-
xx;h:x ' xxxxxgx- xhtexx - ~y, i \
expressed v;xin terms of the sfc eto?/windteg/®,x.xj .fix tm ^  /x x:w ,r;-;.
■ ; r - ^ X , X ':X  ': ■ X  : .- :;X :’ 1 f  V .
x ' f i.e  x.Baf^Ixx':'m.'.; o r : . n x*' in th e  case o f  an .: t .m i f  . fdehote'$; tiio x ,
flux itxlcti ^ produces - it * x. In  f s l ix  other, cases, i t : in® i& ite r-tfc je
..axis.-.-io, ".the quant i t  i f  § ' a r c ' refe.redv .. ;‘ x,x. ■.: x .r ';
xx; -fixe - .suffix :; r  v: t e l t e s t e s t h a t  th e  :e,"nuf. / i s  due to  rotation, 
and ths-. suffix/ t ■ , .indicates’th-itxthe .isfie transformer
..■actio.rv- ,!\-'-'.X'X; -■ ■;■; x‘ ; x X X^xX- ' h te x ':X--■■■’.
X ;  X V — : t o t a l  e ffect; is? 0 f lu x  -along a  m a x is . : :' ■ ■
: ; /a ' =  : f  otml; e f fe e t iv e  -Hum alongXn a .a x is * . x x vx x .■
; : - ■ 5-g; I1 lie component o f c l l i p t  ical f i e l d . ajstem' pe rpend ic a la r
. .to xa. m a x le . '. x & ie , to g e th e r  w ith  9 produces
along n' n a x is . .{>?ee.-p,ll8) x x
x;' ,#g  . — '■ fixe component o f  e l l i p t i c a l  f i e l d . sys tem • perpend ic u lu r  
., to  n n  a x is ,  xx to g e th e r  . w ith  •»• g iv e s  ,a re a m l-
x--tant f  lnxjfrm' mter g m in. a x is . '  (See / p . lX S ) ; ■
^  lo th  age f lu ~  due. to  fm •. vtLich Induces reset iv e  
x;' • x • x e,m. t* ■ in the roto r along m m -axis.;
' f h c
-.X;X:". ■ a
lie  le a l  age f l u x  ■ due' to ,: , r h ic l i  induces re a c t iv e
p m .f* iTi the r o to r  a long  s r  i i t e .  -, -
• x; -x':;x tr-;v: fh a  eomponent: o f  ...total . leekage f lu x ,  o f  th e  ro to r  porpen-
K x x  ■...x'V^x' v :- :x' d iouX sr t o 'm 'm\a x is . f ix is  to g e th e r . with. , pro! aoos'~
v ^ x  ■.’■ x :x : x.x-vxx x . ' " along;n-'B;.-axis* xx."'"-,';'',v. ■• x x '': --
•-Jr ‘.'g '-V ' -
X-. -;hx x - ' x ' - . f h e  XcompoRCnt o f - to ta l.  leakage f lu x  o f  -the ro to r  pexpen- 
. ; x x x v .x : ' xX'd ic u lm r-to  h" h. ax is *. ■■'..■ fix is  to g e th e r  with pn , produces'-
' \ x  X :-\, ■ ""x;:.; X ' . / a l o n g  m'M ' a x is , - . ■ . h -
She maximum, f lu x  d e n s ity  along; any.' d i  ro o t io n  , - duo to  th e  j 
cro&h tne & i n f  ittenc©:- 0 f■■■■the ■ t  no.- p u l sat in g  I ie ld  a ; 1b. -,-gpaoe j 
q u a d ra tu re , "x'hxx . ■ ’ ' /
T o lta g e  Impressed on th e  s ta to r  wind la g ' M *; :x ■ |
T o l t ^ c  impressed on th e  s ta to r  w ind ing -:t*xxx  . -i
I x o l t s t io n  adm it tanc.e o f  -'the magnet 1® path'.:.'of,.the f l u x j ^ x j
Ix o  i t  a t ion. ad m lt t  anc e 1 © t  the  m agnetic  .pa th , o f. ..the ..f lu x . i^nx!
St &t:©;r;.: imped enee of.; the:, wind ing. M*. x.x; ^  '4 x ']
' ■■ . ■... ,■ ■-..... '■■ X ' : V-. -p.  ■: ' X X .  X X .■■■•■■'■X. .X
-S ta to r , impedes© e /o 'f  ■.the:xwind:in g  . I #;x:;-. ; x'xss : x ;■/
B©t©r'im pedere©; a long m.; a-xsxis.,■ expressed x.x . ■;■!
; in; term s .of,, the;; S ta to r; winding -M. . x X ' a - ;  4   ^.. ' j
;B o to r impedenoe ;'$ long'XB ;n,m xis»';expressed x v;x xxX x^ ; j
in '- te rn s  ©fxth© x'e t .a to r ■wind i n g ' I #x . . .  *  S£ +  J 4
  •. . ' -a*
. , ' i f  *
th e  - m o tq r. is.- the n : nows ’: as ■ .* Hesietmnce 
;S ta ;rt V raoforp; if.'ca p a c ita n ce -. o r. y , ';
” re a c t g i i o e ' - s e ^ . t f o a r t b a  purpose - - y ^
-y: P ^ ;;;,y /-;:-yy.;yyyy.;..;.; y ■■■..;■/■ ■■■/■■..■: y p - ^ . ' j g
th e  m otor "1b  ksown as 'C a p a c i to r  ;* -., p-
■ ■ ■ ■ ■ M
B t a r t 1: o r •f Kesotebce ;£ ta rt . ree~.., - : -j*
poet ive ly* .  ;
L i r e  Vo I t  age, 
JLmin wflng
^ i g .  1
;. "£&© Cmpaeit.Gr motor,- however, . y ' ; 
differs from the  Capacitor. .Start /motor for,- in  t h e  fo m e r , t h e  .. 
e x te rn a l capacitance remains ;in t lie  circuit .throughout yfhe - -V A ;• I 
'o p era tio n  end, th e  r e f  o re p; i t  b  pe rionaan ce • i  b" very  ,1 ik e  th&fcf 6
balanced tvo  phase root o' r ,  moth  - i n r i n g  ' s ta r t; ru n n in g , ; y.
fb e ro  is  y e t anothe r . type •-a f . mot o r  f .kno vm as y%ad ed. ro le  y . 
motor,-, which produces-tlie-tw oi'out o f.-f lu x e s  - in  $ u ite  an ingen- 
‘Iona , way, I r e  ti.-o fcuPtor wir^ In&o o f  t h is  machine l>a^e a space 
angle of" a p p ro x tin te ly  l i *  arc not 90° -as is  nen& 1 in  o th e r  types  
o f . s p l i t  wee-motors. One o f t i e  windioge is 'c o im e e te ip i i r e c t ly  
to  t i e  mains w hile  t i e  o th e r  i ^ i  ? o r t  air- tioel on la s e l f ,  - in e e , 
t ie '  la t  t e r  winding ia t e r l  in is -  wish t i e  ' f lu x  o f  the.', f i r s t  'one y cur­
ren ts  are induced'1 ^  i t  T l ie l  , in  tu rn , produce a secocO: f lu x  la g ­
ging I  e l irA the-.main f lu x *  Jbc cause the two f lu x e s  have on ly  s-:
; ' ■ : • . ■'■'-,;- , .  -f t -./ ■ . i f f '
r o l& t iv © ly  em ail tim e  and space angle i t s  ,p>tir.g .toreturnyi s weak*.
I It s"'e ff ic ie n c y ' is; hi so -..poor duo fco the',,efreuiat ing c u rre n ts  .iny. 
th e ; short'" c ir c u i t© < f'winding 1 ch. rem ains .sho rt- circuited eveh...-
a f t e r  the  motor h m s-atta in ed  ' I t  s f u l l  -11 oad'. speed., B u t./ ite  ;in i-v ;  
' t i a l  eo a t . 'is /lo w e r  th a n ■ th a t ,/o f  any o th e r  s p l i t  -phase, motor mod 
■ fo r 'th is -  reason I t  is . very. much,used. fo r  f  ar s,- sewing -machines# :- 
etc , ;' .vii'-lch -1-she on ly  f  ra c t io u a l tho rse';po we r a n d ' ho - not - req u ire  " 
high e ta r t  1 r *  to r ina* .
...'///;•://.; 3 /efore  Virv©£fri$s.t lug- the  theory and perfo rm&nce o f  each 
type o f motor in l e i  a i l ,  l e t  ue consider the c h ie f  re^ui rement s 
o f ..th ese ism all'p ow er-m otors . as h is t is c t  from those f o r  in d u s tr ia l  
purfo ses, 1 he u ser o f  v. f  rr.et ioi. a l horse po wcr motor is  only  
/int'e res ted ’ 'ih -H h e .; in it ia l-  eost 'and-v r e l i a b i l i t y  o f  h is  machine,
Ih e  aiotore/for'yacuum  c le an e rs ,: f s is ,  ■ sewing machines e t c , ,  run 
f o r  on ly n short tim e si.S the energy they con grume is - r e la t iv e ly  
ssr.ail. /Therefore, the e f f ic ie n c y  o f the  motor is  o n ly  o f  second
/  •■■■■ • : . ;■ ■. .:■ ■ ■ ■ . . : ■ ■  W  -■ . . . .  ■ ' . ---.
mry, eons id ©'rat ion.- -.--g.//--''-e/;g:-;. \:h-/\;g;.: \/- ' / ;-vr\.-;:.- '' / : / / ' /  // ./ a /
' /- .' ■ 1 1 ' ' . .<• ‘ ■ \
"  . . • ' * s ' ; .  . . g- p  . g  - \  /  ■ - .- ...■ . g  g . ,  : ' ;  -./- . . ... • g  •.
■ Again, it- . is  not- p ractic-sh ie  f o r \  supply: companies/to oh-arge' 
fo r  react ive h i A f o r  --eueli/ sm§;l 1 ■ lo M  s.tg- / And 9 as., th e - consumer'-/ /'. . • 
has/n o t to; pay/m o.regif 'tho go war f  a e to f o f  h is  machine is  poor,-.-/ 
h e - la  Bof ' In f  ore sted ,1b .having a l e t t e r l  power fa c to r . . -f;  V-'
/■.'/:/-/ is these motors'-.are' to -he 'used. ' in'off ices and/-'resii entlal/ 
iu.arters, they haye /to he" noiseless and free from :ra£iO" interfer-
ence. - i ?ne to  ■ th.a l a t t e r ,  eonsic era's i o n , the  com m utator .motors '/•
■ ' '  ■ - " •. ■' ' /, \ . /-■' -:---f-/---
are-not o esirabie-.fo r- /wp/^ liig' domestic appliances,. , ; Beside#,/,-
these m otors aro u s u a lly  run from- m li is  tm i , I n  o r i a r  to
.avoid; the , flicker ofthe.'lamps,' tlie startlng current .of/tkekmotDr^." 
hue' rot:■ fO ' exceed .a .c e rta in  'percentage of.. i t s ' full .load Rvalue < 
tti'ioli ' Is fixed hy tlie -supply ’doiapamles^ - .:'y - 1
■;"..■■■ I t  .may, k owe ve r , Toe notc-cl t h a t . due to  t lie  Yeeent p o p u l a r i t y  '
o fv tk e  e ie e trie 'V T e f'r ig e ra to rs .a n d  o i l  burners which
.coatlnuousiy , \ th e  e f f lo le a e y  o f  th e  motors employed,, p la y s 'a n  :
ap p rec ia^ ie ' p a rt ' on t l ie ir ' .p T e r a i l  ream tog'’ c o s t*,-• 'h lh e  supply- com* /; 
panles' are- albo getting;'- In te re s te d  In  having norov e f f ic ie n t  
motors’ le e  m s e .tk e y ' re a l l i e ' t h a t ’ even I f  th e  h i l l s  o f  t i e  .In f ilT i- ;^  
dual G.onaumers/go down,': more ■ custom ers'are -a ttra c te d  a i#  t \ in p t l ie  -. j 
long.. ru n ,/.th e y  h e r ! f i t  [m s  much;;'as t h e i r  -eastosiers* ;;% lo';wf'et; . \;'y 
C le a r ly  hem© out then -t ie  h ig h  e f f ic ie n c y  e le c t r ic  h u lks  re-placedi 
the old carton  fila m e n t fcuTbc.
m a l l ■ power purposee,"-."as d is t in c t  .from-fraw fcional hofse.v'.j
-poi^erv; the; C a p ac ito r m otor ; le  "b scorning; in c re a s in g ly  p o p u la r .v  I t s  
main aiTantmgee: may. h e . -enmmari s e i as,. 1  h i #  s ta r t in g  to rim e, . .;
Jly. r e la t i v e ly .. low  s ta r t in g  c u rre n t, j i j  h ig h '5'power fa c t  or'th rough-* I 
out - f t  e working range, ix .  n ^ . l ig ih le  torqus p u ls a tio n s  mn4 ' th e re -  : I 
fo re  le s s  n o is e , v -ah senoe :o f  rad io  m te r fe r e n a e ,. y;f,:; and. yj
e f f ic ie n c y .' .'''.-Besides th e  fee.-aS-vantages, i t  has era s i le n t ;'. reversing-J 
to rque ,and- th e re fo  re- it - '- is  mo st ■ e u i t a t le h  f o r  e le v a to rs , h o i et a , '. .".; 
and; o th e r  s im ila r , ap p lian ces  vh,®re -so ' c a lle d  ^plugging V  iB-.reoes» - J 
•rary. » itk  any, o th e r  type o f  machine i t '  'would- h e  necessary ;■■. ■';■' j  
e i th e r  to  '■ a lte r.th e  connections -or s h if t ;  th e  hrush;.axis  ,a s 'th e  v;
ease, may. be*- ; , th e  '.main d isadvantage o f  th e  c a p a c ito r  m oto r is  .the 
.h igh ' cost o f  the.., cobScbs e r re q u ire d ,, .a n d th  at ,, is  t l ie  c h le fvreasoh 
th  at th  is  m otor could-'■ not-• he a commercial success u n t i l l  re c e n t ly  , 
u tien . th e  r  ap id. d eve lo  pment o f  . rad io common ic & t io n  has mad e it; ■ 
p o s s ib le  t o . m&nufaeture cheaper and' ©ore r e l ia b le  cordcnfccra* •-•
/ ■ : T h . e , commot ator'''.m otor has e q u a lly  a t t r a c t iv e ' s ta r t. lu g  p e r fo rm - 
m m  c e " hut- f d u e . to  th e  & i f f .  icu .lt: ie s  o f  des ign  and co e t # i t s -  u se is . . 
■ lim ited to  machines -of r e l f t f  iv e ly  sm a ll s iae* heg$3eet i t  .• does •;/•' 
no t compare fa v o u ra b ly  w ith .’-the c a p a c ito r  motor- as rega rds  power ; 
f a c to r ,  to rq u e  pulsationb--s''and ra d io  . in te r fe r e n c e * i r  :’v- l
In older'to make tie’list of - single xliaeo motors complete.Viq 
two synchronous motors may he mentioned/'ihieh are often used f@r 1 - 
clocks etc* j one mot© r-.u.ee r ; $ermftB£ut-7tt&gtt6t «•■•£ or • wfc or ifiile'-tlie 
other., uses-a.-ia^gBetic.'material'.'having pronounced hysteric loop® ■ 
Shesa two motors hive not,been, studied in:the-present thesis. • i
Gen e . r s l ' H e o  ry
In  a l l  . w e ll designed* ©l .©et?le& l ja&ftiines «*& tempt
i s . e to  produce -a 0i.nu.s0 id ml f  lu x  & te t r l 'b u t  ion. in  t l ie  a i r  gap
with.. t l i  is  id ©a! cond i t  io n ,
an ord israry dpc,/ machine.' the.'.. f la x -d e e a  n o tT a r^  
tim e,;' y fixe flux d ens.ity.. ( t o t a l  f lu x  /  am i t  angle) a t .‘any .po in t  is  
e iu& l. to..BffiSx#s Sn" Q , .  slier©^Bffito^ is  the .maximum, f lu x ,  den a i t  y 'u n d e r  
m. p o le , . and 9 is  th e  angle’ o f d is  placement .o f  ,.t2ie po in t under con-: 
s id © ra tio n ,' . P lo t t in g  .the f lu x  d e n s ity  .'against .$ w i l l  g ive  . is  the  
f a m i l ia r  .sine wave curve, ‘
point a ;©n tlie ; p e r ijfc e ry . - - - / l ie  f lu x  d e n s ity  a t  m f  po in t at a;.time
f  he f lu x  d© nsity  curve- remainb- a • s in© ; m ve-'curve at a l l  tfce t im.es,
m ndt h e po In t s 01 ire to  . f  l u x  d. en s i t  y ; are  • id ©nt i  c a l  t-o ■ tb a ; no d &1
and i t  w i l l  be assumed th a t  a l l  th e  motors considered here comply
s
Curve,
sin w^t . s in  0
If we ex< ’ aid with;; alt ©resting-current the flux den
sity .will vary simuitaneonsly, and -by the same: proportion, at all
t t ;  second a; i s  equal to   ^£:ffi^ Sw's in #  . s in  w0t  •:, it ere ?;0 ~  ^ T X '£ 0#
and tfca po in t s o f  peate: value =.• and,,' mro ■ va lu e ,: ram ain; iixed throughdat 
tfc©;. c y c le , >y. I t  a'motion, is '  s im ila r  .to. t h a t ,o f : a  ..v ib rating ; s tr in g  ; :
i t s  .'speed iu r lu g  a cyc le  becomes -tin i f  aim o n ly  . t& e n B 1. and •£* ®r& :
:e q u a l■ in  magnitude and In  tim e 'quadr&ture. ' . :■.;
I f  ’f ro m ’ a p o in t liases are drawn, re p re s e n tin g  In  m agnitude ■
.m &  a ir e  0# io n .,th e  maximum f  lu x  a e a s ily .  a long t h a t . a i r e e t  io n , ' then  
th e /.ip c a s  o f  th e irE x t re m e  j o i n t s  w i l l  g iv e  a closed loop *' ^ I t
can; h e : shown, th a t  th e  lo op ; is  an, e l l ip s e  g iven  by  th e  p o la r  ■ equa­
t io n ,  H
T *  a
.. . ,  ■ * }  ' ■ ’ €> v
-M n* (9 C};: > * cos* {$■+ C ): # .th e re
vr "; "■ r r  ; Value o f  maximum f lu x ,  te n s  i t y  mlong a a i r e  c t  ion
v; ^in c lin ed  s i .an, angle *$; to  th e  a x is  o f ' th e  ■
. , f i r s t  f ie ld  system ,{ ©. g , BJ B i n  9 * s in  wQi  )
0 : •. u r  ;.fegle l y  wialch; th e  axes o f  th e  e l l ip s e , a re • i n c l i n ­
ed to  the"'axes o f  th e  f ie ld  systems. ■ ■'
* ■ ;  b *«  _  * - * ;
2 aK : =  : B ’ 2 f  S’ **4 f B *4 t  'B t  2 B '^ B ^ o o s ' P -
u
0 P . e%
% . B*  ■• f  - 'B "* B,4: +  B?|4 +  E B * ;  Ee0 s.; % l
{ Bee. Append l i  I I
I t s h o u ld  ’be hom e i n ‘mina ■ th a t  t h is - e l l ip s e  ' is  a .Bpae# d iagram * :
■■.- . lie n  th e . t rwo f ie ld s  a re  in  t im e  q u a d ra tu re , ,1*©.' I r / i s  e q u a lf
. to  SO0 ,; th e  va lue, o f  /  0 B is  reduced to  '-ze ro , "a rd 'th e  tm o 'sxe  s o f
.the  e l l  Ids© ' : ;V.; " ~ v ; > s ' ; ;; ■
^co in c id e  w ith  those; o f  th e  I ®  f ie ld s , '.  ■'
% a in , i f  ; th e ' two f ie ld s  a re  - in  tim e  ■ phase, i . e ,  /k  is  .equal
{ i )  St at'Idnary P u lsat ing 'tleiA. s ;- Bo to r '.S ta t io n a ry ,
■ ■ \ I V:
Transformer 33*M*"F* 
burve
C .f cds^O BotatiojoaX $ «M, 3? #,
X — Qnrm.
T ig* 3| / '
t lie  stfce'-bf s im p lic ity  ,i.t w i l l  h© assumed th a t;  th e  much* 
'inev-ls b ip o la r / /m&- t lie  - r o to r  h a s ; uran ic r in g . wix$ ing.:p - !he  
re  s u it  s rvpul^ ' t> © © dually  t  ru © ; w ith . o th  ctr ■ win# ing sy et.epa s* fk e  v : 
In n e r  s ifie  -of. each:.co il is  assumed to  Id-3 so Seep in  the  armature 
core that- no flux: goes toeyonfl i t  * :. vp-
•talcing t li © o r ig  in s /t/tli©  cant re  of. one 'pole , tii^  maximum ■: 
f lu x  & e n s ity  at an angular & isttaaoe ■ t ., is  e lu a l■ to .,% a x . • . ?.••:» 
th e r e fo r e * . ,,th e  maximum f lu x  in t e l in k in g  with" a . coxl.. at; a  die-;. 
tance 8 ia ,
f msa,
Mow/ t h e ; f ln x  i i i t e r l i i ik In g  w ith th is -.c o ilc h a n g e s "  from  
sin § ' 1 6 >,- 'n s in  8 i n * I f ; seconds,.:. th e re  f  _ la  th ei i a x , v  ■■■■■■ ■- ’  0
frequency o f  th e  l in e  supply.
% f
>Y -toe rage ra te  o f  chsng< 
o f  f lu x ,
o
E g  : ■ s in  e —1 
;. isas, ■ . •
4  f o 9
X 
£ f ,o
, ■ f h a fo  rrn; f  aoto.r -o f  th  ® - - nr ■ 
s in e  wetc , ■
/ •  irhuee$ in  t h i s  ' ■ s:
; '■ c o i l /  :
l r i i
•8I t ' l l  , 4 f . B „  s in  t  • 1 0
o max, .■'.vo lts
4*44 ,frt B ' s in  6 * 10""; -f to I t  s■ o max*----. - >
t  e t th  e ' numbe r  o f tu rn  & 
p e r u n it, angle o f ; -periphery
• • th e  p o te n t ia l-  d i f f e r -  .
enoa' between the  o r ig in  
, ; anJ th e  p o in t. § ,
n
re
n . 4 .4 4  f 0 ^max>sln  9 &9 . 10*
0
4* 44. fw*' n 3-|.m as. £ x  -  SOS * j
vo lts  
—8 •OQ »I ,  ;10 
v o l t
. •' f  he e , a , f ,  aeross the  
m 15 po lo t ’s o f- th  e t  wo 
' . p o le s , r
4 *4 4  n  M, .0 . m ax.
r~ . -—i
a  -. cos T I
—8
to I t  e
TO I t  8
l e t  th e  t o t a l  number o f  
tu rn s , ./
2 IT  n
fh© maximum to ta l.-  f lu x  
p e r p o le , *
•% ■-h .M . f  * • a e ro  sb t l i e  m id ■
■ point s. o f  th e  two poles
r  it,
V a x . cos <*
-SVTA*VtT' ■ -
8"S8 £„ - f  
. TT j
*5- ><wmax.
=  X m a x.
max*
e xr
2 /8 8 XL
max* ,,o
10
10
■ ■ - * «  -
io- r . v ^ / ^ o i t s  
8 '
■ S.1 .F • ••'induced :m ro bb 
t h © -1 io  \po in f  s- o f  - th e  
n e u tra l a x is ,  •
v ■■ -;X max, ■ a *  . I *a
Ih e re  ' f a , -".'is th e  number o f  p a r a l le l  
p a th s .
.4 * 4 4  'f„ r ’:.B- „ roos ;f::1 0 ~ 8 '7 olt..:
w  l i  « L * *  . * * 4 .
~ 2 ** .
 ^ fh#-.e*m*£* In  e& ehhco ll la g s  heh in& th e  f l u x  in te r l in k in g  V 
w ith  i t  by a q u a r te r  o f  .a ’p e r io d . . S ince, th e  f lu x e s  in te r l in k ®  ••' 
ing. w ith  :• ind iY ld u a l ©o11©‘ mre ■all ■ ' in  'phase w ith : each o th e r , ' th e  "h 
e . i u f . s induced “by .them in  ind 1 V isual"' oo 11© are  . a ls o ’ in - ihmsa.-With' 
each., o th e r .  ; fh e re fo re ,  in  th e  -•above c a lc u lm tio n s  th e y  have'-''been . 
a i i e i  ’.a lg e b ra ic a lly , .  ; ■ / '  /V.
| l  " S t a t io n a r y  P u ls a t in g  P ie id h ■ . K o to r Hoyin s
F o r th e  sake o f". s im p l ic i t y ,  ■ th e  eo 1.1 s aret'ae-sumed.. to , 'h e ;yreet. 
A n gu la r in  shape and, as th e  proto r  moves, ’ o n ly  th e  s i ie  fa c in g
16
th® po le  S' cu ts  th e  f i t  ,
■ lo  w,: in-. each- co i l  m:-Q9mwtV'' 1 s pi$duce6:b'y t-rfendVasser-act­
ion exa-ctt j  a&' tafcm  . the ro t©t  was s ta t  1©n n r j  hut # f i t  a&&it 1©b to
i t  f : ia.oth.er;''er m, t . ' is-.felso ’ induced"•" la;'-the- q q . il:'Sue ;t'o-"the;. o u te r  
siSe c u t t in g . th e  s iy  g a p 'f lu x .
, l e t '  th e  a n g u la r v e lo c i t y  ~  .■ ^'■v' w 
o f ; th e  r o to r ,
f  aii i  a g: t  h e o s ig  ia  a t . th  e; m i f , po i a t ' o f  m:
'■•■'■■■ .-"Max*tot -s t io n a l.  e . r a . f .  ■ 
-'■is th e  c o i l  a t 0 .
*
Max, ro  t a t  io  sax t . m . f  *. i ;  
he tw ee ix 'ihe  o r ig in  sx3; ; ; v 
; th s  p o in t ■
• V lh ax . r o ta t io n s !  e .m . f ,M . :
"bet wees th e  /mid po 1st a . 
o f  :the. p o le s
ax.; " ro ta tio s a i-
bet wees'•the t.m '• opposite-:
■ .po 1st e o f  t h 0 p o fa r  a x i s,
•V £ V * .3 p  v a lu e  o f  th e  'r o ta t io n a l  ;" ■'/ ’■ ■
:. r .m .f. 'b e tw e e n  .tse  , b m . ; - «
Of o e ite  p o in ts  o f . th e . ,  v. »••• J l  B . _ , w\ a h 10~"
; ; p o la r  a x is ,-  ; ma^ ' - r  •
m 1 ' ‘ c o s  0 . 10~"3 '■-'- v o l t s■r max. , .
*74 '■
~ ■ ' . ' —8. ■■
wT 9-. .  is r  XO^:.,U0: * . . . .
r  ■• max. 0
  |N<i n wnm. r ;
I** ", «mJ
2 wr  ^max. • ;B lu
M-
I t '
. 3 3  ^ p i s ,  p a r a l l e l  p a th
' Lo re  to o ,  th e  e .m .f s. in  1 n H v is u a l s o i ls 'a r e  In  |tias©' w ith  . 
f-,;fiB db^ot]3’8T M e s a e i;:t|i®; .g is e n ^ i^ g  them are, in  -phase. hence, !
- /  th e y  have hero ad ded s lg e b n 1e a lly  in  th e  above. e & lcu l& t io n , j
’: •''. L , " v ' > . 3. 33?'-3m3S ’ ;' 33-. . ■'■ ;'■-:.■•■■ 3 3 ' y3\ ,V . ' ' 3 " ■ , ■ ■ ‘ . 3
333':3;v3;3-:3t -,-tqt  at i o n a - t ' . ; e * 33f : w ith  .the f l a x  and th e re fo re  ;j
; : pe riod  • , • .
At synchronous 'Speed, f r  become*? e fu a l' to  f 0 *3. ■ th e re fo re ,  ]
333 3 i onal  ef m. f 0 becomes epu&X to  th e  tra s s fo rm e r  .'©r .mr f .:, I in  . j
m agnitude o n ly . )  j
3 3  3 3 333 33 ■ '"■■■'■'■. a ■ 3 3 3 3 ' 3 :: . .;:3'3-333>3333:3. v ; \
Sow, ^  a t eve r he the  speed # the  two e...ra#f  &. produced in  th e  r3 j 
r o t o r  are In tim e  'and space q& ad re t  a re «' . th e re fo re  , th e  re s u lt  a r t  3
-, .V ’’ a^.': ; . 3 ‘ • ' ■'. ■ ''■• ;.Vf •'" ; ; a. ' ' j
e ,m .f ,  system may he represented # in c lo ck  v e c to r  d iag ram , by m.-/-' 3
h h h ; : : ' - v ' ; . . ' 33 ■ . v ' .  ' '  3 ; i
e l l ip s e  in  e x a c t ly  th e  same way as was d o ne .w ith  f lu x e s .  ( See ,pf;12). |
qvb ax-jS o f . t h e : 's l l lp s e  'w il l: '.c o in c id e  :M f h o f  t he ■ * 1
■ 33333 y3 ,■-: ^h© e*m, f>,_ ho t ween ;two' :■$ iamet rx e a lx y  oppo s ite  po in fs  a long  a 3 j 
:3333-t,<3 : ir e G t to r ' in c l in e d  ' mt',an im g le  3§v to  th© f ie ld ,  a x is ,  3'43
WS ■ S' a '■ r  . ' .'V2 ■ - '2 H  *  ■ ■*!'■ eoS o t  ; .v-r: . Lp :: s ru  I v o l t s
- !- ■ '’nh ' .• _  x  ■
/  ^
3T3 3;:3 ............... .
^   ^ i h i s  e .m .f*  la g s  beh ind th e  f la x  hy a tim e  angle B , r lie re
;3’’^  '-3;3^33-'
maxi
■W
a
• in t co s ' # 10- 8  ”
" - f ie . - t o t o r  o f 'an ind uction  motor is  id e n t ic a l  to . one' w ith  - V 
Srsmme r  ing  ^at u m g tih e re # in  ct ©ad o f  th  e oo 11 s he in** in s e rie s  f ; • 
each is. separate and , fo  tmS:. a  closed loop. Slat i n : each -.■
e-oil -fine to ' ro ta tio n  transform er, 'action are. e x a c tly  t i e  same-- 
as te fo  re but - the i r  curren t s are d i f f  e re c t . As sum in$ th a t  ■ each . 
c o i l  has the  same, .impedance, - t h e i r  combined - would ' he. th©-;..-
s&me .-as th a t  o f a ro t o y • w ith a l l  i t  a c o i ls  in  s e r ie s , and h e r in  . : 
two / p a irs  o f  d io rt c irc u ite d  . h .ro .^ its ,'• oce.'heicg ' p a r a l le l  to  th e  
f i e ld  '© sis and the  .o th e r  perpend icu l& r to  i t .  to  be more genera l 
any two p a irs  o f  ©borfc c ircu ite d ,-b in a & es , ■ w ith / t h e i r  axes parpen- • 
d ic u l& r  "to each o th e r , would glT© id e n t ie a i r e s u l t& b u t f  for.-- 
o0nTeuieB.ce i f  w i l l  -be : assumes. : throughout the"- f o l io  wing -th e o ry ; -. 
th  at- '.one o f ' t h e "'two''' im aginary b rusb : axe a co inc id as with t h 0 -axi s x 
'o f  f  he / s t a t o r . wind lu g .. ' b - u - u ■/■--/--
1
th e o ry  o f  m T O R  , • - l i  h r  ;
.';-■ - / I eslm was the firs t-; t o ,$ Is c o t8 t  :a c o i- j 
3cutXy/that ihen a. two. phase-. induct.ion;motor is  rtusning on no loau 
and ; on®- o f ; : its;, phases..'is- opes -..elrcuitedv ., i t  - continues-to ' run a t
approxim ately the same.-spea<3 as b e fo re *  :\-?his.■shows th a t  an •p,,-. . .
. in d u c t ion- m otor is  c&pmfele. o f  /-.ope.rat lag- -with - -m" a in g le ; phase; sup p ly . /
. . ‘ ■/ 
:% & i» t i f  th..e-yol'tage 'aeroas the- te n B in a lS ' o f  th e  o p e n  c i r c u i t e d ,
. phase .is  measured* i t  s mmghitude Is  found - to  he approsrfni&teiy the  ■
aaroe- as . th a t o f  the  l i r e  eonrCefcod phase. \X h e  frequency o f  th is .  v '
e.m. f  * i s  a lso  th e  same h u t : i t s  t im e  6 i f  fear s. from  th a t  o f
th e  l in o  connected |fc&ee b y  n e a r ly , q u a r te r  o f  a p e rio d * ' ’ '
'-'A th re e  -|ti as# induction-m o t o r E e l  io-s -~. .VO .To lbs -  144QB.3?#M.*v! 
1 £/,i?. 1Y w  m n  as.,a s in g le  .phase-iaotoT -hy,.connecting one. o f  . i t  s ■ : 
■phase b in d in g s  to  a -s in g le  phmse‘'supply.- I t s  speed was brought . 
up to  synchronous; .value fey/means o f  a  d .e . moto'tr* m ien- was -mecha­
n ic  ml ly /c o u p led  to  i f f o l l o w i n g  are the  readings recorded ■ ‘ ' ■ / J
/ l o l t  age across th e  l i v e  '.'phase#-' V,’ IE *  2 - r o l t  s.
-/-:.,/ V o ltage  across -the 1 s t .  open • c i r c u i te d  puaae
■ ■ to  i t  age across, the  -End , '  $ pen" c ir c u ite d  .phase 6-2*0 «•''
3?he d i f fe re n c e  - in  th e  to I t  ages o f . th e  o per .;e i  r c u i t  ed •.: jhaaeX end • j 
th e  "1 i r e " phase - is -m a in ly  due to  -.th  e imped-arct ■ ©f  th e  -1 a t t e r .- : .■,., j
from  the  above, it. is  evldent th .at the  f ie ld  in  th e  a i r  gap o f  
a  s in g le  phase induction  mot o r is  a ,* r o t a t in g , f ie ld  f , s im ila r:  
to  th a t  o f  i  polyphase ind uction , m otor, . Here., ..th e .,fie ld ., is ..
. excited ‘fcy o n ly  one phase,- and one may expect the e x c ita t io n  ■; 
c u rre n t to  he tw ice  as much as th a t  o f  . a'two phase motor o f  the  ,, 
same s iz e , fh ie -h & s  been .-experim entaiy v e r if ie d  and .found to  
xhe' n e a rly  c o rre c t, . ..
low , the  c u rre n ts  in  th e  ■ s ta to r 'w in d in g  o f  a s ingle, phase 
motor can on ly  produce a s ta tio n a ry  m,m#f ,  th e r e fo r e , ’ th e -, 
c u rre n ts - in  th e  ro to r  f lo w  in  such , a manner th a t  t h e i r  m *m ,f ., 
to g e th e r w ith  th a t  due to  s ta to r  c e rre n t, produce the c i r c u la r  
ro ta t in g  f ie ld  in. th e  a i r  gap, at .synchronous ,speed, . $he ,-station, 
ary  p u lsa tin g  m«4ii#f ,  o f  th e  s ta to r  may he. considered, as.made, up 
o f  two m ,m ,f s, o f  equal and - fixed::uiagnx* 
tud e ," ro t  a tin g  in  space in  opposite , ,
d ire c t io n s  w ith synchronous speed,
The v a lu e . o f  .each component m,m*f ,  ..,is  
equal to  h a l f  the  maximum value  o f  th e  
statorr Bi.Hwf; i l  e co  ^p a re n t, mo ving, is . 
th e  same d ir e c t io n  as th e  ro to r  w i l l  he 
' t  earned a s 1 th  © fo rward moving m ,ir f , 1 t ...
and -the o th e r  as ‘ th e  "hackward moving. m .m ,f. f . l ie n  the  motor 
i  s man  isg  ne a r  synch ro n l sm, th e ©, bw f . ird  ue e d i  n th  e . ro to  r  b y 
th e  hack ward moving m .ra .f. i s  much, g re a te r  than th a t  due .to .the  
.forward: moving m ,m .f . , because o f  ..'its h ig h e r speed r e la t iv e  to
s i
Baekwa: 
mov ing 
m. m. f ,
.. S ta t ic  nary 
V p u ls a tin g  
V m .m ,f.
v <■
to  rward 
moving 
m .m ,f  *
r e la t iv e  to  the ro to r . - Hence, the ro to r  c u rre n ts  corresponding  
fo  th e  backward ' moving m .ra.f. are also .much g re a te r , •'-and th e y  
rea ily 'd a m p  out th e  hack ward moving component o f  th e  - s ta to r  
At ' synchro#!as * th e re 'c a n  'he ro ■©. m .f . , and th e re fo re - m. c u rre n t,  
induced Is. th e  ro to r  by the  forward .moving • The c u rre n ts
in the  r o to r  are  e n t ir e ly  due.to  th e  backward moving m .s .f . ;  
i e a e ,  "the m .iruf • ’due to tho ro to r  c u rre n te  moves in  th e  backward 
c i t a t i o n  w ith fsynehmmu® speed■,r e la t iv e  to th© stm tor winding.
I t s  speed w i t l r  respect ■, to  ..the ro't or I s  tw ic e  synchronous, and .. j
. t h a t . e x p la in  s Why.. we • get. r o to r  .cu r r  e a ts  o f  tw ic e  th e  l in e  f r e - '  
queney, ;
. !
■ i
\h t h e 'r o t  o r  is  he ld  ■ w tr t  ^on&ry o r  i t  i s  opes c ir c u i te d ,  
th e  two re s u lta n t  a .m .f  c. m ovirg  in  o p p o s ite 'd ire c t  io n s , due to  ;
th e  combined e f fe c t  o f : st a to r  arc! . r o to r  c u r re n ts ,  remain o f  . 
f ix e d  •EBd' equal m agnitude. fh e  counter- ©♦m.f . induced in. th e .- j
s ta to r  noi--h i s . h a l f  cue to  th e  '-forward moving M .m .f, h a l f  due j
to  th e  backward m o v i n g , i  j.1© in  th e  fo rm e r e s s e , ( i r e . :
r o to r  eh obrt. c i r c u i t  ©d # and th e  : ©speed near synchronism , !  , . i t  was j
• o n ly  due to - th e  fo rw ard  moving m .m .f. o f  th e  s ta to r  - • B u t, as 
th© c o u n te r e .m .f .  In  the  s ta to r  wind leg  Is  13. e a r ly  th e  a am© in. j
both th e  cases, th© magnitude o f  th e  forward moving a t j
synchronous speed must- Ve 4©ubl.e th a t  a t s t u n d s t i l l ,  or. When j
th e  r o to r  is  o p e n 'c ir c u ite d . - '- '. H e n ce ,-th e  va lu e  o f  th © 's ta t io n a ry  |
p u ls a t in g  m .m .f . o f  th e  s ts to ^  'F" t ' gynchroBoua speed, w ith  th e  !
mtor sho rt c i r c u i t e d , \ i s  tw ic e  th a t  when th e  rotor i s  open c i r -  1
\cu i t  , . ( th  e , spee& •• may.,fem © any-■ va lue* I ■ ■.,.. H © re fo re .*. th e  ':e xe i t  $ • : 
t io n .-c u r re n t o f .---a..-single .-phase .m o to s ^ w ith r it s . r o t o r  s h o r t . d i r -  v > 
cuitecj; and, run n ing : a t Asynchronous;:speedy may be expected to  'be 
tw ic e .-th a t .-¥&en'vthe  ■ r o to r  i s  open c ir c u i te d ,  (tee  speed m&y'fca-ve <:
a ry  walne. ) Id c r ie r  to  w e r ify  t h is  th e  fo l lo w in g  experim ent 
w a s 'c a rr ie d  o u t* '
?;p A th re e  ;phase , ir$ U e t'io n  m otor; w ith  . vsound t u t o r ,  ( H e l lo - '
1440 -m .,70 '..■volts-;-;v S ix  H  ). * WS8 • COUpleH t 0 « d • C*.-el UJlt
•notdr by >Beau0; o f .-m b e lt  , v ■ ,:Hh.e b*c„ . raptor was f t  r e f  s ta r te d , ■
•Bad -the i epees.. © f ,ih ©  induct loin. motdT .waSvb rbught ap to., and' 
m ain ta in e d -a t , i f  s. synchronous v a lu e , i ,  .©• 1-SOQ One
jh a s e /o f ,;-the x f a t o r  ■ wind lag -was th e ir .-connected to  a -'s ing le 'phase ’ ■ 
supply, ;m 3 ■ the e q u ita t ion :t«&@a-/by :th e  machine , /b o th : ifcen ,the  
rotor,.-was, -open:-circu ited "anS ; *sh.©ifc c-direuit©4:vuvas' recorded 
l l io  ■ exa i f  at io n le u ir  ant -.when tlie-:. ro to r  was open; « i  reu ifed... and -.. 
held  s tatio n ary , was also 'noted. ■"
tj -w o lfs , ■ A;l.:■■■•■-■■. ■
■Bxeitation c u rre n t, - a t synchronous speedt r o to r x p e n "
'.'•/ W 1 f  " , ’ '> C 1 rCUlt CCl 4
■ •■: H z e i t a t io r c u r r e n t ,  =;.at. synchronous speed, .o u ter "sh o rt'
- c irc u ite d  '9 *4  *'
’ Base i t  fit ion c u rre n t, at ■ gfcand s t i l l ,  ' ro to r  open
f  ■■■1. ; ; ; ; - ... c i r c u i t s  .5* 1 l?
f f i  - >,.. :./. . -■ , ;: v T - ;  ,. .  ^ . ? p - ■■•';■.
,'r- H e .  no load curren t "of t h is  machine when running- as' a .s ing le  phase A'
'- m otor was 9*15 amps, ana the  no load- speed was 1420 . . % is  '
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ie a te e  t hni’ this machine ,4®.'-ro t able-- to  • produce - s u f f ic ie n t ' 
to  rtu e  t&en on ly  on© pbmae - o f  I t s  s ta to r  w in d in g 'is  excited  , ■ -aiid 
even tlx© no load loss©© are o ver lo ad in g  i t s  performance m a 
s in g le  phase motor.
JS
. ... ; pfce p ro d u c tio n  o f  ■ r o ta t in g  f i e l d . ■ in th e — ' %
s in g le  . jlisBe. -ind met io n  mo t o r  cm' a lso  be ..stu­
d ied  by c o n s id e r in g  fixe' f lu x e s ,  • S ince, th e  
v o l t  age aero as th e  • at ato r  w ih & fn g .. is  ke p t • •- 
c o n s ta n t, t l ie  f l u x  M -due to  it - re m a in s  o f  ' "  
n e a r ly  f ix e d  va lu e . As th  a r o to r  speeds up 
..an is generated in  i t  aXong an a x is
p e rp e n d ic u la r  to  th e  ax is  o f/th ©  s ta to r  w ind­
in g ,' v h ie h  produces f l u x  / r  a io n ^  th a t  d i r e c t io n /  fix  i s  f l u x  is  
in  space quadra tu re  -and r e a r l y ' i n  t im e  quadra tu re  w ith  f l u x  $■ , 
arid th e  tw o ' to g e th e r  produce th e  r o ta t in g  f ie ld ,  .-in th e  a i r  gap.
%w, is  iEl)iLl^e®d t w  jtimse 
indnotion motor th e i re la t  ionships .of ..; 
the voltages .and .current© o f  the' two \ 
stm tor windings a re g iv e n  by the f o i *  
lowing, two equations* ;
' r* £  f
( 1 -  Ss) ' i  xI oaTm +. Yon&
IX:'
1
ai
I f  no vo ltage  is  applied. to  "the s ta to r  w irJ ing  I, i t  i s  l e f t  
open c irc u ite d *  then th is  motor becomes id e n t ic a l to  a s in g le  
ind uction  m otor, - -^6%'''J * '* i ‘sv-©4ual':-to;::.2sero * '
¥ z: I  *
• •  m m * i X  Ze
;■■ ;■: ,, r
? h e re ,
2@ fh e  e q u iv a le n t irapedlenee o f  th e  motor then running
-Iw ith ' th e  speeds . . .
In  th e  case o f  an in d u ctio n  m otor, th e  impedenc'e o f th e  ro to r  
measured. between ‘any two d ia m e tr ic a lly  opposite  'point-a",is th e  
: same. th e r e fo re ,  EJ =  E^ '
o m itt in g  th e  s u ff ic e  s 'o f  ro to r  q u a n titie s 'a n d  rearranging  the  
te rm s''.
•om f b
f
r ^ 2  [ Zo n s 2 - t  §
I
^on f E*
% e re
fh  run J h o u t. t h e w orking r  ange,. t h e v a lu e ; o f  V 3. is- nea r un i t  y ,
, above .-expression f o r  th© e q u iva le n t impedenee o f  th e  m oto r 
may be represented. b y .the - fo l lo w in g  network o f  impedances. / (F ig r
,. fe a e t lo c u s  of the c u r re n t,v e e to r o f  such a network ean’-ems3l y  
be o b i a lned.:-b y  a . g ra ih  ie e l j method ■ kno m  as * Bepe at ed la y e rs  io n  ©i  ■ 
.V e c to rs V  _ B u t, f o r  .a ll  p r a c t ic a l  p u rp o s e s ,'a  s im p lif ie d  lo c u s  
diagram  say b e -o b ta in e d 'b y  making - a, fe w  aseum ptions which do n o t
g r e a t ly  a f fe c t  . tb s  accuracy ..of the .'.c a lc u la tio n s . 2fce* c u rre n ts  '""
' ' ' 2 "  f lo w in g  th rough  1tfc,.a- elements - * .  v.and- . £ . - a re  n e g l ig ib le  as■ ■ O i on g» w . . .
■:- H'il •■'
compared to  th a t  in. th e  clem ent ,JLJL~* * T th e r e fo r e ; th e  ' t o t  * 1 
p " '■ ■I''-'
c u rre n t ■ would ■ so t be mu oh -a lte re d , i f .  we. considered th e  f i r s t  two
element s as d i r e c t l y  connected'.to-' th e  supp ly  m ains, fh e  m od ifie d
netw ork would lo o k  l ik e .  that eh own- in  f i g .  3 .
\Tb.ere are th ree  , p a ra lle l  tranches denotes “by I B ,  0 S * «afl ' |
C l ! ,  Ts the la s t  tre n c h ,there  mre three -imped enges is 's e r ie s  j 
o f ■ I * -  ■■.©»& : 2!L.. a r e 'o f  flze&  v & lu o ;  -while the tb irS  '
, •■■which I s . equtvB la s t ■ to' a n o n in S u c tite  res is tance, is  ''
1- — &%
.wari-able.- I f  we ' 4 raw a ■ w© ct o r 4 lag ram ' f  o r  th  e ; impe .
• '•■■■- S*'R« ' ••cences o f ::tfcis branch, -then.- ms - varies," the extreme '
-. i  «  a*
point; of. th© Tractor .representlag  th e  " to ta l' ImpeSeBoe. ©f t h is  
.1 ranch, , ir©.■■■"point .■■■'*f-f /  4 a sc rib es" -s tra ig h t.': 'Iin © « ;'.f ;
fh  e to t  &X':;impe4©nee
•Zm
I 1m
%  f  :?*■:+
J? K f  5 : { ' I  X j)
tan
-1 ■*£ t  yi2L
am >  iVm +
— ftapeienec a n g le .o f th e  
■ ■‘branch -j & 3? ■
m
{ B1 4. m T
if
<-,9 *|” *J ^  ^ a 4  ^ ^
.if 7» ( vH \g# «*» ■'1 ; '
m fi” - )2 4.  ( x i
5M \ £■
f  3f V + X
•X*
1 -
*»  + * * !  / -sin a
* lg .  9
( co s . a j  i in  a) .Yjm t oos m — j  a in  " a
f .  (X*k - f - f"f a -^ B-h &  ; co see a 
L. " f; : J
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»ra Sin / - a Impresses .&$ m p o la r  eq ua tion .
th e r e fo re , corresponding to th e  t o t a l  Impede nee / a  -v  th e  magra itu de
I 'V <5 4 Y1 M-
of the .current ve-etor: is ^  11 e ■ it s time phase an.gle is
' ■:•■ ■ - » x  "
I '*./-a-, with.' respect to  t h e , : ■ 1 In e r  o I t  ag e re  oho r  . tfrom ■
f i g * l  • i t  is  s e l f  e rid e n t th a t th e  locus o f t h is  current re c to ?  
is  s  c i r o le .A s s u m in g 't h - a t " the  cu rren ts  i n . the two elements &cm
and. . s 'on ?Bm.s.in;conetant throughout th e  m a&ing rangef , th e  ' 
locus o f: th e  t o t a l  current, o f  th e  motor w i l l  he m  ehoim in. f i g *10 .
y represents  the  e o n s tw t curren t taken. th e  two elements
and -S*S.om 'J'on * . . ;
U? rep resen ts  th e  current/: in  th e  th ix&  trench 'com prising -Z^f
S2pn
; n. ...... .<wa“ - r~~ o -•• * -■■- •■-•■■ ■ ' 1. y
5r,¥  •. re p re se n ts  th e  t o t a l  "o u rre n t taken  hp th e  mmcliine, . ■
1 ._ _ lm  ^ ' :l e t  OB . .b e  the  d iam eter o f  the  .c ir c le
k
k “- :- $ .■v r . *■■
ere
1 s th e  eor&f ant of ^ the o n rre n t veetcr .
th e re fo re  t ?:r*B  Xo she s i n  lo th  th e  s tm to r  pancf r o to r  windings 
.=  ( k'Wi'f.j'2^ f  s« )
- . .  ■ S ’J ;
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,v  55  ; represents the to ta l 1%  losses of' the .motor, to. the
\ power scale. '
■ k*V ' st . Constant of the power scale. .
; ' - " ' * '* r- ■ - ! '
Fow, on S the asrumptioBS made above., that. the same current flows..
?th rough j the stator, ro to r  imped©nees, the I^B. losses in  the two i
a windings; are proportional "-to th e ir  respective resistances*:' Shore- j 
fore, from point.---S draw l in e ... 81 . perpend icu lar to OB meeting
OB in. T # d iv id e  &z , in — I ' " ro th a t  ; 'KZ ; ;  i f  t * 
lo in  OK 'in te rs e c tin g  _W'::-'rixi ' Hp.V low,.
" - ' j ■;' : ... Cg. ■ ■' 2 ""■'■ ■•.■ ■K  . p... -gg represents ro to r ,!  E losses, to the power scale, and
. . ~ * p  . . . . 1
I F '  , represents s ts to r.^ f B losses, to the power sca le*:
■ low, IF  =■ Output o f.the  motor.
~  ' ■' loss in the f  ic t i  clous re si stance ■ /
"t <5 CtX fc#
u ■ — I E  loss in ; th e  .ro tor re s is tan c e  I f .
But - m- th e  curren t flo w in g  through th e /tw o  -.resistances' i s  th e  ■
■ ' 0 . . . . .  .« . ■ asms,
■3feRw--!( c u rre n t) .'T it?
^  — . : Ew *(■ c u r re n t )2
G ra n t  l e a l  M e th o d  o f  o t t  m in in g
Q:'
X
2 ig . 11
^?swe l in e  .$$ p a ra lle l:  to  0Kf- m eeting -Q.S--ia X/;m m i'OT in  
T * .With XT ms d iam eter, draw m se m ic irc le  TfcX. - Jgmln, w itii X
ms cen tre  mmi. . rad iu s  equal to  xy#. draw mm' a re  o f  a. c ir c le  'T2 •
le t ;  P i>e.-tke p o in t  on tfce -; c u rre n t I d  cue. f o r  T liie li s l i p  i s  to
£ © c a l eu l a t ©d.. lo in  0 P’ t  o in t  erse c t  XT in  :4 * . ffcr© u ^ i Q,. t ■
draw m l in e  «|E perpend ic u la r  to  . XT,' m eeting ; t&© s e m ic irc le  T1X ■• ■ 
in  B r ' -'Produce -XB .to 'm e e t - th e  mre'TS in ' '2 * iE e n #. BX- re p ro -  
' sent- s s i  i p • t  o "tiie same; scml e .-as. XT ; re  pro sent s ; im i t  y,
So
' osiaL
H L
m
if ig *  i s
m where, is  b oo&stsnt-
m s in  & oo& &
m
OB b in B tan a 
Bin B
sin"'O'-Mu a00
Where %  la
a- eon at ant *
—  .-u-y.- ; * ' 0Y
,.<.; "•*■■'■. %  ' .•. iSL., ( where ...0
Bow a t ' s ta n i s t i l l y  "B'Z' O'' 9 : rsr^  %f XX 
vBlue-& in th e  abov®, eftt&t i© at an$’ so lv ing  wo .got
. . ®3 .=:, a 1. :".
% t» B titu tin g  these
M
But
r;:" 2  
22  =: XT ,  3?
•.* 9 ' ■ B A 2 ;' =»■:■
™rrr2, ih  #
XX X I ^
; S' /
* 
* • SL' , -
'■'"-'' v-yo ; ■': -■ v
X?. =
1 - • s l ip
*
* * . S lip  : ■
x r  _  za
x x -
£2* 
■: X I
? I  R Q U B .
r..-torque 'p,. is  p ro p o r t io n a l to (O utput
B u t, ” - Out put'" ' i s  p ro p o r t io n a l" to i g i )  \
And *' ■•; Speed:.-- i s  p ro p o r t io n s ! to
M^ -aLmAfe.
* ' l o r  qu o * Is  p ro po r t  io n  aX to V $  ~JL~. ' # r ..ill.
It may-he. notedhers that ®fe; standstill* the po in t J coincides-"-'' | 
with .the-point- ■&*;...■ ..£ene©. iff .and therefor© mlso^ftortma, -is equal
• ' ' ' ’ . 'v.' . : - :  ^ * :■ /■; ■• I
to  ’ ■20ro*::-' ;VIn  o th e r. words*-,, a '-s ing le  phase m otor, cannot generate  i. 
■ s ta r t in g 'to rq u e . ■ f h is r  is  th e  efa ie f d isadvantage o f  a ,s in g le  
phase - ind n e t Ion mo to  r .  X; p .■ : ■. . ..... "  ...
vra’ch le a l Qon sfe m e t ion fo  r  oh t a le  lu g  T o ra m
irodue©  OK - to  meet th e  c i r c le  in  th e  p o in t f  * O o iirB 'f,  
l e t  M he th e  mM - p o in t o f  the  s t . l iu ©  SV , .. «J'©ia OM r
. X r t P a h © :th e -p o in t on .th e ; c u rre n t lo c u s  'fo r  •sileh to rq u e  
I s ' t o  he found o u t,  from-, th e .. pe.in t 2 d ro p  m p e rp e n d ic u la r 22 
to  OB f m eeting th e  ,'s fc .lin e  QU in  X . .^h e n f th e  to rq u e  i s  ■
3%
approxim ately  p ro p o rtio n a l to  th e .,in te rc e p t  
,J?X , . The seal© Is  fix e d  Shy o b t& ir ir  
experim ent a l ly  one value o f  to rque and 
measuring th e  corresponding, le n g th  o f  
EX on th e  c i r c le  d lag  ram., . .
lliLi J L J L *  ;; | . ■ ■■
.,,,,, th e  -.B t,linea 0S t 01
and.OY he in c lin e d  to  th e  d iam eter  
OB at, an g lee  , b* y* und m J 
re s p e c tiv e ly , l e t  -5? he 
bfey. po in t on .the  curren t
f i g .  13
locus* and 0 he th e  cen tre  
o f th e  c irc le ,.  Jo in  IS *  
r r *  IB * EC* end 20 .
** rom E drop le r je ^ d  ic u la r  a 
; P t BW* -CM, DM, and
OB resp ective ly *. . "Eroduc© BO 
O llto  meet.’t h e 'c i r c le  in  E wr£- • I j respect iv e ly v l g . 14
If.ow. pf ,£’Q, «— Of
OB * sin Bgeos OB *, b in f  ■& ta n  h
OB
cos '  fe
. : Bin 0 cos (0  +  h)
S im ila r ly * ''
: ; . ■■-. * a ;
Bow, 4
- (Ecrque)
OB
cos v ' s in  0  cos f 0  m)
pf. r m !!*.£* ' frhB sign «  stand s f o r  
.v a rie s  as*
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How, 3?S
tea / spy
m m
m s
O-B
cos a cos T>
9' cos (■&-)* a ) ' cos' ( 0
s in *  .0 cos eos ( 0  Is)
PB. * co s? f $ +  fc) , "■
\pE * Co 8 (@ m) ;
Za ^  constant
cos £■ ?3 * P*
g  ■■/■B8 r PV s in  (Is- -  a)
.
a  ; -i&TS-B 0^ Zi.
st * sat'
f f l
H
( %pp'3?0 3K.. ) /Assuming ’I
and' I  are ,v * ry  c lo se  
each ©txerv
s in  i
♦
• r
ft *
f s
( r
( f  oro.me)
S ince, ■ f X  COB-.y
■*» (Io ri|ueS
a : ot \
2 2 
S : of . IS
of . iff
’’ i.-
A rea o f  / \
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Experim ental. f e r l f le a f Io n .
A th re e  phase ind u ctio n  m otor, •  100 v o lts  -50 cycles-
,8 1I»P* 13 amps* V - 14B0 ) ,  was rm  ms' a  s in g le ' phase.motor
ob 65 v o lts . Th is  .value o f ' v o lta g e  was decided upon because a t' I
■this v o lta g e , th e  l in e  curren t did; not exceed hQfl o f  i t * -  f u l l -  lo-a&
v a lu e , even then the  torque o n ’the  p u lle y  was increased' so much
th a t  th e  m otor became unstab le '," ' fh e  c i r c le  diagram  was obtained
from th e  fo llo w in g  set ©f read ings, : . r . / ; ■
Open C irc u it  f e e t  * v 6b .v o l ts  ; j
£10 - w a t t s . ,
v ; amps* '■
; Short O irc u it  f e e t ,  ' ; ■"■■■'.' 40, .v o lts :.,,- '
: ■■■•*■■';'".r1. . wat t s,  : |
\  ■ ' 1B*S amps. ■ ;
Ihe-combinefl res is tan ce  ; , ; - 
: o f  th e  r o to r  m3  s ta ter :
■ in te rs e  o f  the  s ta to r  Ohms -
' . Ih e  . res is tan ce  o f  th e  : . !
. s ta te r  w in3.ing.alon®, ■.".■■■"■■ ® #S49 Ohms ■;
■ Bow, t h e : to r tu e  on th e  . p u lle y  was v a r ie d  m3  i t s  v a lu e s , ; |
along w ith t h e ' corresponding• -ammeter.$n$ w attm eter read ing s , :
/war© recorde'dv-:--".-..'fhe seal© .fo r .to rq u e  was then fix e d ;’fro m -re a d - - I 
Ing  no. 8 , - 1 -see fa b le  X ), w here-the  current, is  nearest -to . i t s  f u l l  I
lo a i  v a lu e , ’• fh e  len g th  o f  t h e . l in e  .11 in  th e  c i r c le  d iagram , • |
■ { f i g . I S ) , co rreepond ing to , th e  ■ s t a t o r 1 c u rre n t 13 .18  amps * re p re - I
■ 'seated m to rfn ©  .© lu a l't©  £0*85  pound-inches... - i i t h  t h is  s c a le , 
th© va lues o f  to r iu e  f o r  d i f f e r e n t  values o f  s ta to r  c u rre n t,
were ..measured from th© c i r c le  diagram.and. p lo tte d  a g a in s t the  ' '. |
T A B X*» 1
load O h arac te rie t io s  o f a  S ingle  £has© 
■., Induction M otor,
65 v o lts  -  50 cyc les .
m
S '**H p# 2“4 O <h « ^  a>
as I H si43t
0 © i& £ 43 O O 04 0*4
m «n « Q £> m H o  «H 1 4*4 *riH $ £Js
3*83 0 50*9
64*7308 - 7*£4 ■ 4*691! ' 0 ^ 7  8.77
8 «191 5*9 £ 
8*75 $•
10*001 7*6< 
11* 56! 9 *22 
18*4X1 10*08 
705113*161 10*85 
765 14*18 -l l *  77 
888115*30 
850 16*10
906 1 6 *r
900 17*00 
9 6-0 17*89
1*901 7-86
Sgt.- 16
BOSS 9*8 5 1450
C-l <2 ** JL © " 3«l8f-13*60 
16 '
4*-88117*60
~-j:--4>.&3 19*20
4*9 9 80 *70 4 7 .716 *
| :;6'*87!.£l* 
16 '
11
45*4
6-671:8-3 * 60
£3 • 70
84 * 10
24* 46
14*77
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CJI •c^o
s ta to r "  'c u rre n t^  see- f ig , . 16 v la. the.-. sam e ;-figu re ,-...the. to  rque , , . 
c u rv ©; is  a lso  ■  p lo t t  e l ■ f  rom',:©xperim©:nt si: read lu g s , ;. ■ i t . may, be
mot ic e d - 'th m f: t ire  tm  -curve s 'agree,- remark ab ly , w e l l  w ith .e ach  .’o th e r  
f o r '■ m il;  va lues  o f  's t a t o r  c u rre n t-b e lo w  f u l l  load.gvslue, ■ ''At .... 
h ighe r  v a lu e  s. v  th e  t  bo curves beg in  t o d  I t  e rgo ,, and, a t ' o ve r
load - th e  a c tu a l : va lue ' o f. to rq u e :, is.- ap p ro x tm e te ly  ,10%. le s s , than- 
t i ia t g r a p h ie a l ly  o b ta in e d , . la  th e  o p in io n -o f  th e  sm thor, '.the  
re  s u its  would be e v e n -m o re 's a tis fa c to ry  on machines o f  high, o r  
r a t  la g s  rfa ich  u  e a s ily  have m g re a te r  impedence a n g le .’
E f f ic ie n c y  and ■ Power f a c to r .
Both can be c a lc u la te d  g rm ih ie a l ly  in  e x a c t ly  th e  ;sB.ne way ,r 
as f o r  a po ly-phase in d u c tio n  motor.. ■ ■
Bat a t la g  f i e l d  T freurv,
/ vS in g le  - jfcase.. in d u c tio n  m oto r fcas evo lve d ,.fro a  the...polyphase 
'in d u c t lo ir  m o to r j : th e re fo re : i t s  p e r f  o tmm e e may; w e ll,  b e ,s tu d ie d  
b y : con aid © ring  . i t  ms : a- p a r t- ic u la r  -: arrangement o f  - po l y  phase .' 
in d u c tio n  machine o r  m a ch in e s .,
■ l i e  s ta t io n a ry  p u l sa t in g  m .m .f, due to- th e  s ta to r  c u rre n t 
o f  -m .single phase in d u c tio n  m otor is  e q u iva le n t to  t \ u  
o f  - equal vm lu© ,- r o ta t in g  i n  o p p o s ite 'd  i r e c t io n s  a t'/ '
•synchronous speed, whatever he th e  lo a i  ■ on th e  machine, these 
two component m .m .fs , would, 'rem ain o f  equa l m agnitude, . f h i s '
a t  oho© suggests th a t '  i f  m  to o k  two. s im i la r  po lype a©© m achines, ■ I \ 
t h e i r '  r o to rs  ' coupled to  t h e ' a-am©’ s h a ft,  m$ eon mated t h e i r  .■ V ; - : 
s ta t o r . w i n i  log© in  s e r i e s / { -so th a t  th e  s ta to r  m .m ,fs r ' o t  th e  
two m&.<$iiaes: would* remain. e q u a l- to  ©adh o th e r a t  ©very - in s ta n t)  , ; j 
in  such -a' way th a t  th e y  t  end to  move' the'  common shaft- in' o p p o s ite  ; 
d i r e c t io n s ,  then  t h is  system would behave ve ry  muoh life© a s in g le  
■phase'. induct-ion  ' m a ch in e /-: ;T
■ ■ low:, l e t  us; consider "the maimer in  .m ieh th e  vo lta g e  -across 
©rnch m:hctiine should, vary  w ith th e  speed . so . th a t - th e  set rould  
e x a c tly  s im ulate  tie ,-.s in g le  ;phms© induet ion motor*'* ■ - W© know . /  
t l  at- the  -counter '.induced;:ia  the. s ta to r  w inding o f  a  p o ly - /"•
phaseinduct.;ion machin©tl> y \th © -  combined in flu en ce  o f  ro to r  and • 
s ta to r  , ...is approxim ately  ertxml to  th e  vo ltag e  across I t / . . "
In  th e  case; o f  a -s in g le  pi as© in Suet-ion/.Motor, we .noticed ' th a t ' • 
th e  re s u lta n t in  th e  forward d ire c tio n -in c re a s e s  w ith 'th e
speed and mt synchronous speed becomes-' twice: in  magn.itud© to  
i t s  ■ stand a t i l l  va lue  * . fk e  : re s u lta n t '. in  th © ha dr ward *
d ir e c t io n ,  o n 'th e  o th e r -hand, .decreases with: th e  speed, .and- 
. becomes equal to ' sera at.',&jnck ronca e speed,. Bence, m  may 
v e ry  w e ll' assume th a t  .th e  res u lta n t; mrmr.fr • v a r ie s ; w ith  t k a 's l i p  ■ [; 
by s tra ig h t  l i n e  law , . in  areas lug. f ro a  aero, to  -it-a maximum value.;,.. V j 
as .the- s l ip  f a l l s  from .B . t t  "0 * ■ B ine© , -at any: speed the  sum . !
o f  th e  i n  pa o f  th e  two component- r o ta t in g .- f ie ld s - Is  -constant* ' -I
i /e * .  © q u a l,ta  .£ , th e  t o t a l ,  v o lta g e  across. theCtwo. machines o f  j
« ?. ' - t  ' I »'r:
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th e  id e n t ic a l  set shomlt a lso  he constant*.. -At th e  s t a r t ,  the  .: 
s l ip /o f  each maeh in© Is  u n ity ;  th e re fo re  w i t  age across each \ |  
m a r in e  is  h a l f  th e  f u l l  w itm g e r . I f  th e  se t i s  to .ro t -e te  
• I n  ' & lre<st io n , ' th e  v o l t -age across the  machine which- ro ta te s  
in  the same d ire c t io n  a© i t  s f ie lS  in creases , fix l i e  th a t  across 
the  o th e r  decreases, hy th e  same amount *...
..''..fhe.^peed-tor^tie; c h a ra c te ris tic s  o f such a set eou ll ■easily
'he ' c a lc u la te d 'fro m 'th e  c h a r a c te r is t ic s 'o f  the; po ly ihase  induction; 
:.motors used, f o r '  the  purpose.'V
fo r iu e V , .:' ss ■ 1 .'..{Voltage)
*V 0-
■&* M .
Current r ,  (V o lta g e ) , r  ' . 8 ~  a
; ", “  . : s ; ;
■ '■ , .!
s ten ts  f o r  ’ v a r ie s  a s 1];
H e  'c a lc u la te s ,, charact e r i  sfc io-s' of'-this;--set ■■have.- th e  .fo llo w in g  ■
'points- in  common w ith th e  ■■©fc&r&cterics o f  a. s in g le  jli&se irh u e - .,
t i e r  m o to r." \'L i& ©  a’ s In g l # .ihas e , in  Suetion , mot or # :
. ■ ' j[  ' I t  produces no torque a t s t a n S s t i l l ,
11 '■' I f  ms^e to  move’ in '" e ith e r  c! i r e c t io n , i t  produces m torqu-<
■'■"'in th© same d ire c t  ion A  ?ro'vlS ©3 the  speed is  "below
....:.;. . ^synchronism.) ■ ,
Maximum, tongue o f  th e  set is ' less than th a t  o f  the  '
: s in g le  , polyphase in d u c tio n  mmchine'* I t  i s  found th a t
th e  maximum tongue" o f  a s in g le  phase induct ion motor is  •
le s s  than th a t  o f  m  iS e e tto a l p o ly^ ase . ind uction
machine o f  th e  « ® $ . s i  so*
ly  U&ximm torque- is  independent o f  ,t&e . secondary re s is ta n c e . I
H i e ,  b o w re r ,  i s :not t ru e  i f  th e  maximum- torgue o f th e  ' ;;
, in ^ iv i^ u a l'm a c h in e  o f  th e  s e t o c c u rs -In ' th e  v i c i n i t y  o f
s ta n d s t i l l ;  p o s itio n ; ■. : .r; -
v;;. ; th e  .-chaxaet e r is t ic s  .-of-; .the sot near synchronous speed are
I  alm ost id e n t ic a l t o , th e s e ;o f  & polyphase in d u c tio n  motor.;
Sometimes,: i t  - is  >e rro n eo u s ly : stated, j th s t  .& s in g le  phase ind uction  ; 
motor is  id e n t ic a l to' & set o f 5 wo polyphase induct ion much in  as 
connected across th e -sam esu p p ly  mains" in  such'■ m,K way th a t  they  
tend -to ' ro ta te  in  -opposite Ntl ire  ct. ion s. • ; :.%eh- m get - would & i f f e r  1 
- la  i t s '  performance from th a t  o f  % s in g le  phase' induct ion .m otor’., 
m ain ly  iin th e  fo llo w in g  two respect s.' - ; j
I  : \ f o r  a -g iv e n  to r iu e  n e ar f u l l  load', i t s  s l ip  would he Much
: g re a te r  than t h a t  o f  the;;correspond Ing single .phase'motoTr . ';
I I  ' H a t  sactiine o f , t l e  set. A c s e  s l ip  is  mo re than u n ity  would /
’ hake excessive lagg ing  c u rre n ts  and hence, th e  power fa c to r  •?. 
r\, o f  :.the; st u w o ld  he very  poor. ; p ra c tic e ,, however, th e
s in g le - phase' in d u c tio n  m otor las. n e a r ly  us good ,& power , j 
fa c to r ,u s  th a t  o f  a  s im ila r  polyphase in d u c tio n  m otor o f  ;■ .. I 
the  - same -s is e . ; -v 'v -'* , .1
Table II
2*ost$' te s t; o f  th e  Be pu l s  ion®* » t u rt  In d u c tio n  m oto r 
(^meoaa % gine-ering  ' Oo, /  E .*t* :«■ ■ % i t s  .&50/460 ■«. -
•' : ; '    ^ />, "i
l'44r0- m. cycl®B 5Q)
xc
Speed1500
7^
1400
1300
1200
1100
Efficiency
1000
900
XL'800
700
600 Input in 
watts
P.F500
JXX'400
Output in watts
300
200
100
221614
000
■s * <a  e r i n
. is  seen in  the le s t  ch ap te r, th e  most serio us  drawback o f  ■’
a .is ing le  ' phase ind uction  m otor ,1s -that - I t i i s e  m  " s ta r t la g  torque,./
btA to  overcome th is  a m y  dev ices ’ have been developed* la  some
eases f th e  : induct ion motor is  /s ta rte d - a s m  Bepulslon m o to r ,; w h ile
: in  o th ers ' m  a u x il ia r y  minding is  provided on th e  stat© y,.itilch< ...
takes , a curren t out of jti-mse with.- th a t  in  th e  main w inding. - fh©
l a t t e r  arrangement is  known ms' s$ 11* phase, mi  i t  is  proposed
to ” study in ■ d e ta i l  th e  ■ e f fe c t -o f  vario u s  impedences in  t h e n u x i—
Line "Voltese
■ 1 la r y  c 1 rcu i t  ©n th e  at a r t  in g to  v q n  e.
• Let M be th e  main wind in g , and..
I  : th e  a u x i l ia r y  winding .Tttieh takes-,-- 
curren t i u rin g  th  © at art. ing ' o pe ra t 1© n 
eulyv;"v ■: then'- the  -tmo a ta to r  windings ; 
are in': apace q u ad ra tu re , i t  can'/be 
r ig o ro u s ly  proved th a t -the torque is  
'p ro p o rtio n a l to  sin a , where
' ’ 2 ig *  19
j#m and jjjTjj mre th e  flu x e s  along the
t  wo/ axe a .„ and." ’ aV is . the" t  ime phas e mngl e b e t we en th  em.
■—vvwvvvv
.  Main ^dng.
Let ■ T1!■ v. , - m m
and ,,.  . ^
*% . torque
XL'ua
• M pe re -tu rn  s o f  "the wind ing M • ■ • ' •
ianpere-turns o f  th e  winding h p ;v
k * XHi •- , X*B„ * s in  where k  i s  i  constant'm m . u ' u
{ Bef * £ ,1^B a ile y , 1'" ran g, A IM  19£9)
1
®Dl t  f t
%
A l l  th© ■ quant i t  ies  ■ in  th  Is  
expression are s c a la r . .;
Adopting proper urnit- o f  to rq u e , th e  constant ■. Ic cm  be om itted  
from" t h e ' equation . . -
.SgflBrp y hi*Va
.V  So rim© 17 r7
U)
o
? ■ &"a :,*t*
—
, ,   ^ . . . . . . . .
th #  .number of tu rn s  o f  th e  two wind lug s , mi  th© imped ence o f . th e
main winding?" are const a n t. ■■■ fh© - t o t a l  impedenee o f th e  e a x i-  
l lm ry  ©i r e m it ' is  adjusted so as to  g iv e  th e  most s a f is fs e to ry  - 
.s ta r t in g  conditions*
( Qon sfc, ) "9 ./.assuming th a t  th #  v o lt  ml
Be a 1st an oe ~ Sul i t  -feh as e ■ St a r t  *
..., , ; I n : th is '-case ,,: an e x te rn a l reaietauee. B is  connected in  
s eries ; w ith . th e . auxiXim ry, w i n d i n g I  * : l e t  ■ and Eg. he ,- 
. th e. sep ara te .; re# 1st.m  oee o f  th e  st at o r  and roto r  ■along n ’ n a x is .
■ i ■•• % •;
• - P — ■ TM ' 7?** - . V . ,
. . U : +  "U T  " , . r  -■• 1 "
There- is  no upper l im i t  to  th e  value o f  Ra "hut i t  cannot he'
reduced, below n The ■• v a lu e /o f  .- By g iv in g  th e  maximum
to rque is  fe tmi out from th e  fo llo w in g  equation .
5 M orgue) 
& ,
'V T4V
v#^ |V | * * • * £ ! ■ *n 0
‘ja “f- , \i . -
1 ~  * ( V  i  2m) : >  ;
S ince,., m il the  quant i t  l.ea.,&re ■scalar &n$ on ly  't h e i r  sagatfcud e is  
to - 'b e ,taken  in to  oo n aid e rs t ion * arA . m,  th e  magnitude o f  is  
always g re a te r  t h m  B , ore of,, th e  tw o .,ra lues o f .^ ...g iv in g  ,, 
maximum st a rt ing torque. mul§ “be •negative , m$  ..th e re fo re , fe&s no 
p r a e t ie a l  s ig n ifie a n o e * ...  ^" .S u fcstifn ting
ian
“fc : ■
Im x.f orime
4“ -"Smj is  'the 'equation  f o r  
. \  . 'to rque ' ■
v2
*Vwpnmm m tfvk***
■3 C i^ u f  ■ ■
'P erh ap s ,' a 'c le a r e r  id e a 's a y ■ he 'ob ta ined  by. studying g rap h i­
c a l ly  th e  conditions'' f o r  maximum to rq u e , -. & inee, the  imped ©no e •
I E .
o f th e  main wind Ing is  fix e d  f ,.:&nd . ^
is ,n o t  .affected by th e  c u rre n ts  .:.'. 
flo w in g  In  the., a u x i l ia r y  wind in g .
S’: ,.;. the-, va lue  o f  . 1,1 remains, f ix e d /  
in  magaiiuda a s : w e ll as.-;in. t  ime .... 
jti as e * ' As th  e , re s 1 gt an. c e:' In  th e .. 
a u x i l ia r y  ©i r c u i t  i. w a r ie a , • t h e :, 
c u rre n t y e e t o r  describes  &."..
C irc le . -.itio-se cl ism eter d s . equal'•' to  '
F ig . 30
angle between th e  .c u r re n t/te e te rs  2^ and .1^.',
le t  . l a t  h e 'th e  phase 
th e r e fo re ,
4r4:
, lo r q t ie ; =  . e ia  a.
=  .  I ’ s in  s■' 13
see f i g ,  80-) T
'fh e  ,point s ..a t . ?ihioh th e  t  argent a; to  th e  ...c irc le  a r t  p a r a l le l  to  
; th e ;'cu rren t v e c to r 7 " . vrnild " g if t -  th e  maximum 'v a lu e  o f  th e  ’
• st-mrfclug- t o n n e ,  A ? § r  th e  reasons given '-above, one o f  th e  
,/tvu point s <zm never he reached in 'p r a c t ic e .  Corresponding - 
/ t o  th e  o th e r  p o in t ,  th e  magnitude and the  b im© . phase' angle o f  
i t  he a u x i l ia r y  cu rren t ' can : he ' read -from  th e  diagram* and th e  
■ va lue  o f  the  e x te rn a l res is ta n c e  can e a s ily ' h e ' ca lc u la ted  ,-.
} ' J^SSQ =  V ' ; # a  ' :
i - i r t  . J J i Bj b b  «  / / ; n
... XI ■; '** ** It
. Ih  o th e r  - id n o ,  th e  cu rren t ve c to r b is e c ts  th e  angle .
. by ?diich th e  cuxr ent veot or.. 1 1 la g s  heh ind ' th e  v o lta g © v e s to r. 
fh u e  th e  va lue  o f  8 t th e  t o t a l  ' imped eace .angle o f  th e  a u x i­
l i a r y  c i  re m it , i s ; obtalneX,/ai^..;:,it. • can e a s ily  be sho wn t h a t  th e  
va lue  o f  B ■ correspond ing to  i t  i s :th e  same as th a t  ..obtained 
by th e  .previous method. - .. . / '  A:.
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■ , B e © is t$ n e s s ta rt  . Splitsph&sa . M otor ■
( St srfe 1b g . t  © rgu s w ltb : 4 I f  f© ren t rs lu  * b o f  re© 1st as c © 
1b tii©  • -m axillary  wind lag )
ita tts  •.} O urreatj 1 'om r .1 £ .» * * *  - I
fa c to r  across . I serosa 
t i ie  1 in  tb s  f o f  th e  tb s  sux i-| tb e
e u rrs a t p.a&eTBSl
■ M xjL li& rtf 4uxv | iM the i winding I re a 1st
■ me©winsIng w$a.gv ;
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e x te rn a l 
.r e s is t *
: sue©
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ffxporim en. fc s i I  e v i f  5 c -at j o n , ■ :
X 's in g le  phase O apaaitor m otor, (B .f  3 *  •* jj £#£• . ' 2 2 0 ,to  
230' wo I t  s ' -  1425 Br 2. M#) ,  ’ was changed ' list o ’ a  re s i  sfce&c © spl i t - -  
:.jhES© motor by "ire p i bo ing o©iaciea-s©r' w ith a n o n -In d u ctive  r e s le t -  
E nce;;:j' lh u s t the res is tan ce  in  .the" a u x i l ia r y  ''c ircu it- 'was v a rie d  
' and the  corresponding 'ra llie s  o f . s ta r t in g  to rq u e , end th e  c u rre n t  
m$- the  w atts  input o f  the  a u x i l ia r y  c i r c u i t  "were recorded * Ih e  
current.s we r e ; then p lo t t  ed, In  t h s i r  prope t  phase a n g le , m$  the  
Talus o f  a u x i l ia r y  cu rren t l i  f o r  maximum to rq u e  was g ra p h ic a lly  : 
'obtained * ( See f . ig ,2 i )  lh  is  va lu e  f a l l s  -some . ere between 
po in ts  12 '13 # ' ' In  f ig u re  22* a torque, curve has been p lo tte d
from th e  experim ental r e s u lts , and i t  can he " m m  .th at i t  agrees •' 
w ith 'th e  c a lc u la te d  result,® , '""
The isa fin an ce  o f  the  number. o f .tu r n s  o f  th e  a u x il ia r y  w inding.
.. ho w th  e con st ant & o f  '.the ■ m s i» , wind la g , ( re s i at an c a t react ano a t 
th  e numb e r  o f  tu rn  @ , etc *} * are fix e d  : h y th  e & e sign o f  th e  mo to r .  
fb e  'a u x il ia r y ' wind ing '.’’which operates*1. on ly  during  s ta r t in g  period # 
e'm however have any; number o f  turns," " Considering a l l"  th© o th e r  ■ 
constants o f  th e  m o io r'to  remain f i x e d /
. ; Hex, 97o.rq.ue .'■ is  p ro p o rtio n a l' to . . . iL —i — X
, : But ■ X l a  p ro p o rtio n a l to
n ~ ^  n
pjiW
a .. . ^  ...
* * " la x , ' fo iq u e  "  ' 1 s p ro i'o r t- io n a l to  " "  ; 1 " -J L -h n ■
hence, the. va lue  of. maximum" s ta r t in g  to rq u e  Increases as th e  num-
, b e r o f  turns, in . th e  a u x i l ia r y  -winding -d core use®,. ."B u t,' th e
' ';r' ■
''value o f  : s ta r t  in g to  f  quo cannot be in  ere ased ind e f  in  i t  e l y ; In  
t h is  w a y ,fo r th e ' curren t in  the  a u x i l ia r y  c i r c u i t  v a r ie s  in v e rs e ­
l y  - ms' th e  squire' o f  .the' 'number of. tu rn  s of., th e  a u x i l ia r y  wind ing * 
From f  igure  BO, t l  e a u x i l ia r y  cu rren t g iv in g  maximum’ s ta r t  ins. • 
■torque*'ia; e q u a l'to  * "Bln;; 8^ > . Z The value.--.ofr^ .  . f o r  optimum,1-
■■ ■■ ■. - " ' .:■'•■■ ’ ■>. V -T  , . '  ■ E
eond i t  ion j -and "the-' l in e  ..voltage B a re ... c o n s t a n t t h e r e f o r e , :
■ : -fh e  Aasv Current x / ' - p s i / ; / ' - i  rr «JL» ■
:-r  ■: ~  -■
Bemctance ■ B u ilt  Shame M  a r t /;-'-'.
( Xhclud ing 0 a p a c ite r -S ta r t . )  : ,■
In  ' th is '  case, th e  impedance connected, in s e rie s  w ith th e  
a u x il ia r y  wind ing , le  m react anca,;; fh e  mn& i t  lon e f o r  maximum'.' 
■start.ing to rq u e.-cm be found us b e fo re .
& ( f  o n u e ) .: . s  ’ . - V 'II; j.
d .xn- i-d.Xjj
Here t m , a l l  th e  q u a n t it ie s  are; s c a la r*  ''Since. th e  magnitude 1 
o f  Zm ' i  g a l way s' g re a t e r  th  -an th a t  ■ o f  ■ \  , one o f  t h a t  wo v alue $ 
o f  ^  g iv e n 'b y  th e  above •equation 1© n e g a tiv e ; th is .m e a n s 'th a t > 
a 'condenser should., be used, .. :
. .'the above re s u lt s e an ml-so be o b ta in e d ; g ra ih  ie a l ly  • ; ( See f ig  23}' 
fb e  d iam eter o f  th e  c u rre n t lo c u s  o f  th e .1 a u x i l ia r y  c i r c u i t - . in . . ,
tfcis ;  ease >.-is eqomi t o i -  ■* ■■""■■'&b b e fo re , ■ th e  .current v e c to r  .
. %  ■■ ■ ‘ -' h
/ ^ \
ins. f  ixed.-■■ - i>'ot th e  two ••, 
optimum T a llie s , th e  curren t'/ 
T©otor l | j  b is e c ts  the' tang;!® '
IB Q # 1st e m  a l l  j  and ext e r n a ily , 
respect l v e ly , . ; i t  can be hhowo ; 
t l ia t  correspond ing  to  these  t m ' 
■values, o f  ®n th e  tm  T a llie s  .of’ /■;' 
■%£ "are th e . sane m, those  o b ta in -- ' 
ed by th e  p re v io u s  method, ,
■/;; ; ( $e©. fo o t . note)
F ig i 23
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Z«n -  L% 4 is  p a ra lle l.to  :0M
m
&HI
v  ■ f b  e t  aagents ■ f  rom; a . po int. 
to  a c i r c le  ere equa l.
i . e .01 *.. i  $ t h e  : ln te r n & l- b is e  c -
t o r  o f  £ m ^
0
:.Sio0 O> I * ! 5* i s  m diameter o f  -the ■ c i r c le  „ ’£1*0 E* is  equal.to 9 O ♦ 
$h ® refers. th© c u rre n t to  et 0 r  0 ! n , e 0 r  re spout ing  ’ to  th e cap&cit or '• 
st'artv.arrangeffient, .bisects /l4DQr externally. ■/.
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4b « . | p /  Considering angles on the le f t  hand
side of the voltage rector as —Ye.
tan : 0 r -1 a n  ' , ,®s. + ■ ■ '  t a n  f 4 - 5 °  + *  . . . f s  )
~  a.. ■Bth e  esse may be. 
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S u b s t itu t in g  th e  -shove ..Tallies o f  JL # In  th© equa tion  f o r
■ . ■ ■ « ■ ■  to rq u e ,
■ ' : ;I  I  S 8 ' R2 ' ' +  1
v M s i ,  to rqu e  • ■ r  —, ■ *• -J1 * ----— —--------  •
' ^  ; v . ^ - '  a { a n . t  - V . , , ;
^ T o m  th e  $&ove e q u i t ie s , '  f t  may he observed- t h a t  the" t  wo 
■:■ to rqaos ' exe la - 'o p p o e ita  d i r e c t  io n s / .  th a t  th e  to rq u e  w ith  
/ c a p a c ito r  s p lit -  phase arrangement Is  g re a te r  th a n  th a t  w ith  
: rese t m  e®: s p l i t  -phase*.
’: th e  machine used f o r  reeist-ano© s t a r t  experim ent, was -again :; 
- ' ' r u n  i s  i  remobine ©-et a r t  sad a cap a© it©  r - s t a r t  m oto r r e s p e c t iv e ly . j  
fh e  Tmlues o f  s ta r t in g  to rq u e , and th e  d i f f e r e n t  -m m eter and w a tt-1 
. -''Vm eter rea d ing s  were re  e a r l ed f o r  d i f fe r e n t  values o f  reactance .■,j 
- in ' the  a u x ilia ry , ■ c ir c u it  •(. S©e. f  ©hies Tf . a i i  / ) * - .  f  h e ' curren t a - / j 
and th e 'vo lta g e s ,'-h e re  “been ■• p lo t te d ; in  t h e i r  proper phase angle ■' :j 
; . - in' f ig * S 4 ; , f o r  th e  ■ re a c te n c e -s ta r t  as w e ll m  c a p a c ito r - s ta r t ' ■ ' [
arrangem ent*' ' hue to  th e  iro n  losses in  th e  choke c o i ls  used - j 
: f o r  re se t an o'© s p l i t  phase, th e  e f fe c t iv e  re s is ta n c e  o f  th e  muxi- ■-j  
l i a r y .  c i r c u i t ' i s  in c re a s e d , ' w ith  th e  r e s u l t ,  t h a t  th e  d ia m e te r ' ] 
o f  th e  c u r re n t lo c u s  w ith  re a c ta n c e -s ta r t  i s  s m a lle r  th a n  th a t  i
w ith  th e  c a p a e ito r-s ta rfc  arrangem ent,’ .
■'.'■•.-.'/■■'■■■■'■it - is -- im p o rta n t to  note' th a t  tn ^ -th e -'e ase -'o f- c a p a c ito r - ' '  - 
| 0 !v : - s ta r t  ■:arrangem ent,, any change in  th e  vslu©  o f  capacitance near
th e  p o in t  g iv in g  maximum ‘S ta r t in g  to r q u e , • produces a  co n s id e ra b le  j:j
c h ® g e  in the line current , v h l i e t h e  c^iang©: in the starting torque N
is relatively small. For this reason, it is advisable to stay below that point' 
giving maximum starting torque. < l|;
57 . -i;
E e s is tm ce and Besetance .• S t a r t .
\ A
I &  th  ©/ previous method a o f. s ta r t in g  # ©»Xy • th © : phase; angle 0© 
o f ; th e  -a a x llia ry  c ir c u i t  was being ad justed  ^bq . as to  .obtain the  
maximum v&lu© o f  s ta r t  lug: torque,' Sometimes i t  , la  considered,. = 
mdvantagous to -ad ju s t th e  ph.as© angle o f  th© mala c irc u it ,a s ,w © IX  
and thus a t t a in  s t i l l  more favo urab le  s ta r t in g  co n d itio n s^  ,v; l a ...:. 
f ig *  &7 , th e  locus o f  c u rre n t vec to rs  
o f  th e  1 10 c i r c u i t  s'have been drawn on the
assum ption th a t  o re ’ c i r c u i t  c o n ta in s  a -
♦ -  f  ...
v a r ia b le ; react sue© in  l i e  th e o th e r  con-- . 
ta in  & - a  v a r ia b le  non induct lye ■ re s is t  ance.'
<1%■ is" s e lf-e v id e n t  t h a t ; th e  torque w i l l .  . . 
be maximum,, when/ th e : cu rren t :in  - on©' d .ir -  ' 
c u l t , e i th e r  main or- the ' a u x i l ia r y f .
lags by 30 behind th e  v o lt  age ch i l e B ig • 27
t h a t i n  th e  ^ th e r .l& g s /b y -;6Q'; » ; B i'o r  now, t h e ’ current,;vector..w hich  
.lags  by 30 s a t is f ie s  th e  cord i t  ions f o r  maximum s ta r t in g  torque  
with re e l s tan ce-s t a r t  arrangement t w h ile  th e  o th e r  .current •vecto r  
lagg ing  by .60° s a t is f ie s  the  ■ same’-' cond it. ion fo r  re a c ta n c e -s ta rt  
a rr  -aaagememt. ° " She re f  o re „ th © va lue  s o f  th e  : requ 1 red : ‘ ext e s ia l  : 
impedances o f  th e  two c ir c u i ts  can be obtained from th e  fo llo w in g  
tw b;: squat i ons/ ' ~;;v' v:';- - s ' "
li. l ’t cot  30!
B.- t a n . 60o
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c- 4 P 4  o i f o Ti m o f o n
IU'-the" la s t  c h a p te r ,- ’some' s p l i t  piase'-devices commonly 
biased' wttli'""'-gingie';ptoase"' Induct ion-m otors hay®- "been ixrrest igE ted; 
th© a u x il i  ary, -.wind in g required  f o r  the  xarpose - remain a in  ■ tb  © 
c irc u it -o n ly , d tirin g  the, s ta r t in g  o p e ra tio n , and ..is disconnected. . 
:'/as scon -.ma t i e  speed-, o f ■ t i e  motor' reach©a' a: c e r ta in  'preflet'er-h 
mined. va lue*: a / -..In som©..';cs sea, i f  ;;ia found ad v ant ago us to  re ta in  
t l©  a u x i l ia r y  ■winding throughout t i e  working p erio d , e v e n a f te r  
■tie motor has ; read ied - i t  s . fn i  1 load speed* '£*" On'©-' example o f  
:-% is :..--case "is t i e  shaded* pole m a c h in e ,fu e V .to  t i e  'c irc u la t in g  
.c u rre n ts  ■ in :th e  auxiliary?..w inding-, both th e p o w e r fa c to r , and - 
t i e  e f f i c ie n c y o f  ..th is  m otor are v e ry , poo r  *: b u t • as - i t ; is  "used 
on ly  f  o r  f  ra e t ion a l-h orse-p o  war purpoees, and in mo at : eases -■
;ram  on ly  f o r  a ;ab o rt t in e ,  i t s  running coat is  o f  le s s e r  impor- - 
■.tsnce' then- its "  i n i t i a l  co s t, Xue to  t h is  c o n s id e ra tio n , the.m 
-a u x il ia ry  wind in.g is  not disconneef ed, f o r  otherw ise -a.change- ... 
over smit c l - io  n Id- bed necessary ;and th a t  - wo •aid-*-eon s ide r a l ly ' v 
increase i t s  i n i t i a l  cost , ■ . ;j
: fh'er© ,4s  ho-wever an o th er type;-o f - induction,,m otor -in which, ■
t
by re t  ain leg  th© a u x il ia ry  wind in g , not. o n ly ' th  ©", co at .0 £ change- • 
o ver switch is  avo id e i but th e  e ffic ien cy .,-,p o w er fa c to r ,  -and/the 
torque ••■per ampere are also ap p rec iab ly  improved I t ' . i ’s -th e  ■: 
Oapao i t  0 r  mot© r , -and; th  e ; improv ©d ■: perfo man ce is '  due t  o th  © ■ ■ 
condens.er : in  th e  a u x i l ia r y  ■ circuit'dvhich-. t  ©fees- a lead in g  c u rre n t.
m
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Besld motor^ w ik 's  a  polypihse.-machihe., ; '
' I . . ’- - - . . - ’ ' - " ' . - - -  * < . . '
'■finer"the'refsre-the' torque - p u lsa tio n s  ■•are-''negligible. '! :hue t o ;; 
. th is  T©^soii ;t h 6"eapmei.t0 r'm otor; is" le s s  no isy  than W y  h t M r  
■split. 'liiase'm achine. ■
. ®he;>- mrnixi winding has :■& ;ratur©l. lag g in g  impede nee angle.,
£ue :to 'th e  condenser in  theA&mxill&xy. e irc a itg g th e  t o t a l  Imped* 
©nee, angle' o f, the  l a t t e r  Is -l.e a d ih g ^  . With th e  ’proper^T:a lu f ;o.C;'^
: e apao I t  an ee , th  © ■'enrr en f s in .;the, t  Wo' wind la  gg •. c an ■ he ■; mad © ;inp;;';,i: 
exact tim e''quadratnre  w ith each o th e r , and h y  ymi^ing'the|-;^sl%e^ 
o f ; th  e eon3en«ey w ith - th e  ■.-■ speed,, • th  e■ t  wo cu rren t s.,, can h e;main~;v;;;: 
f  mined in  tim e qu.&iratnre..throughont th e  s ta r t la g  
. I t r . Ia  however not eeenomic-al'ii..^ condenser, and in
most eases, I t  is  deemed q u ite  sat i s f  actory';. to.: hare .'two, d i f f e r - ;. 
©at ■Tallies o f  capacitance, one f o r  s ta r t in g  and: th e  o th e r  f o r
Main M ng.
condense re. are.pused .p\' and.;, the  ..change :in  connections^ is  I  .■'■■■ 
brought/ ®homt ■ a t t h e ;proper.. e p e #  by o f  sr autom atic c e n tr i ­
fu g a l .sw itc h *h  ■..Jn f i g fS9*;;;sn mrrangeiaemt is  ahovn isherehy.there ^
Main Wdng*
1— f y W W W — 1
i s  -on ly  one' cond enser i n  t h e ' / ^ x i l l i r y  c i r c u i t  ■ at. a ,.tim e, v & ile  
in  f i g .  SO, on® o f  th e  two condensers is  'pem ioaeu tly  con nested 
"to  th e  m u i l  l a r y • wind i n g t m &  th e  o th e r  condenser is:- connected 
in  p a r a l le l  w ith  t h e . ' f i r s t  brie f o r  th e '.s ta r t  in g  o p e ra tio n  o n ly , 
th e  " same re s u lt  'cou ld  "'he -achieved . 
fey /us ing"a .' s in g le  cordenser-' in '' .
" eo nJ unet ion., w ith a  t  ran efo rraor v-as 
: ^bown- in  . f ig *  31. *. lu r in g  s ta r t  - ■■■:
■ teg ope ra t  io n , ' a h lg h e r v o lt  age / is  
ap p lies  .to -the; con3em ser,'.and:. ,th u s .r '
.th e ;'e .ff ©ct.iv e - e& pae itanoey/ln^tliet // 
a u x il ia ry ' c i r c u i t  is  .inorees©i'*^://'!
•Elg. oJL -
?h@ t  raasfo rmer however req u ires ' magnet is a t  ion vo lt-am ps, v iii© !,'
la v e  to  be "neutralised fe * t i a  /oondonser..-••g .to r -;this reason, the
Condenser has ..to ' be "of some p tia t h ig h e r  r a t in g . , It. is  also-: f o r  
*
the,sam e reason th a t  t h e '■ a u x i l ia r y  winding of. a  c a p a c ito r  motor
: L " a, ‘
Is. <3esihreo to  have ms s m a ll. lea&a^e. reactance - as p o s s ib le *! ; .4
; Rotor
i;aito-Trans- 
;■ foimer:
the  /economic .c o n s id e ra tio n s  
d o• not  pe rrs it to  h ave a seoond oond en -  
s e r .o r  a tra n s fo rm e r,., th e  one condenser 
t  o- fee 13 eed,_. i s ' so , «e le c t e a ' th  a t i t  g ive e  
th  e fe e s t a l 1 round pe r fo  m ane© * . In  
p ra c t ic e  t h is  'would, g iv e  a s ta r t in g  . . 
to n n e  o f  -approxim ately fel p e r cent 
o f ' I t  s f u l l  lo  ' v a lu e , and th  i  s i s .
Main . Wdng*
— V W V W b
Fig. 32
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fo-und toyhe; q u ite  :s m tis f  act o r y - f  6r  ru im lng. fa n s , c e n t r i fu g e l p raps ,
e tc .:  \ A cheap.--way ofyim proving .the s ta r t in g  torque in  th is , ease 
ip u ld .h e .- to ; connect- a non induct It©  res is ta n c e  in  - p a r a l le l  ..with the  ' 
eondeussr, as shown: in  -.fig. " f  hough th is  is. net so e f fe c t iv e  .
■■ms..-anyyof 'the S o v ie ts  describee..above, i t  is  d e f in i t e ly  b e t t e r - ,  
than having ju s t one condenser o f  f ix e d  v a lu e .in  th e  a u x i l ia r y  
'c i r c u i t .  ■■’ .■.
y .the ■ number "of tu rn s  in-- the  'a u x i l ia r y  winding-: -  tn th e  la s t  ;v'\;  
"chapter,- i t  was./sho wn- th a t  tor- cbt u jn iag  mmximum s ta r t in g  to r fu e :  ■ 
w ith cm paeitor- a ta r t  - arrangem ent» th e  va lue  o f  • condenser in  the  ; 
a u x i l ia r y  c i r c u i t  is  g iven by th e  fo llo w in g  equn&iozu
. %n ' =  ; =JL =  f sia ~  2a5
■y : y y .v '-w .c  V
lo w , th e  a u x i l ia r y ,-winding is  f re iu e n t- ly  designed, to  have th e  same j 
w e igh t o f  copper.-as-the main w in d in g . ' . th e re fo re , th e  res is tance ; 
o f  . th e  a u x i l ia r y  ;wind in g , 'v a r ie s  th e  s q u ire  o f  th e  number o f  j 
t u m s  Sn
m
ow, . a x . . s ta r t in g  torque ■' v a r ie s  as Z£k { bee p. 57}■tfl-
* -■ - it? .ft « u « j  ^^
".. ■ •■ ■ • ■ ■ ■'-.-■■■ : I?
: i ; : > . y
1And -  th e  value, o f  cap ac i- ■ v a r ie s  -as
;'..y t&noe :.0 re q u ire d  2^
■• , it / ** ' n . n  -. ■ ^ i t  w a 1
Trgr
1-fn
.Banco, th e  maximum- s ta r t in g  to  n u t  o f  a  c a p a c ito r  m otor decreases  
as th e  number o f  t u r n s ’in  th e . a u x i l ia r y  winding in creases; but the
value o f • cap&ettsBee te iu ire S  .flscremse© mueh fa s te r *  -As the  '. , 
cost o f  a c©r$ eneer o f  a g lvsh vo ltag e  Is  approx im ate ly  propor­
t io n a l  to  i t s  ra t in g *  i t  'mul% -he eoonomloal to  make th e  mmher - 
o f tu rn s  , in. th e  m x il im r y  win^ ing .as. g re a t ms possib le  t an <1 ■ s t i l l  
perm it the.' necessary ’torque to  "he t  eve loped*
■ A loa£ t e s t  was carries. ..cut on th e  . O apaeitor m o t o r , f * H , . \ - :  ' 
: | 'E r Pf •  220 to  230 v o lts  « -14&5-H*.Pr .Mr ) , mnQ the  re s u lts ' t r e  t e ^ : 
c o rtex  ■ in  fa b le  t l , /  I t  may; h e ; no tices  th a t  .m s th e  lom$ on ta ie ::h^ ; 
m otor increases, the  cu rren t trn t  th e  -'watts input- o f  t h e ;mainwinsU.:''! 
ing a l so increase’- s im u ltan eou sly , hut -the ■ co rrrsporB ing , ^ u a r i i t  i&s.., 
o f the  a u x i l ia r y  winding remain p r a o t ic a l iy  co n s ta n t. . ; t h is "  is,g; 
tu e  tp  th e  reason th a t  th e  counter' e V fc f, o f  th e ' a u x i l ia r y  w in in g -. 
ing  i s  governed hy th e  count. er e » a *f *, o f  "the m ain' in g ... ■ ./to w , -V 
’.the impe^once 8 rop o f  th e  m Ein-.w ini.i»gf " even- ah f u l l '  lo ;a$ , is 'te la ® :  
t i v e l y .  em ail; th e re fo re  i t s  counter v:e *m *f. f a n !  hence also j$m 
'remmine'; p r-m etlca iiy  e'onst-mnt*"-..J •■'Agminf ■.the speei o f ' the  m otor. f o r  
t h e  ;e n t ire  woifelrg range is  n e a r : synchronian* An$f ^ s e th e  conn- 
t e r  e#m*-f. o f •■the., a u x i l ia r y  winding i s ;..proportional ho t h e  product 
o f  t h e  , f I :u x X m th©"" speed 8 . , i t s  va lue  w i l l  ml-so remain 'p ra c t i­
c a l ly ' un a ltered  * both in  magnitude m&  t im e  'phase*
Ignoring th e  '.-impe$ cnee A ro p" o f  t h e  a u x i l ia r y  w ind ing , the-' 
v o lta g e , across th e  condenser,( i . e# I^ /w O ), t a  th e  v e c to r  d i f f e r *  
ence o f  th e  l in e  v o lta g e  the  -counter e .m '.f* o f  th e  a u x i l ia r y  
w inding*. 'th ere fo re ,, to  a l l  in te n ts  and purposes, i t  rem ains o f
Vector Diagram of the
at B o • Load
, Counter 
e.m.f. in 
the main wdng
Voltage 
' across the 
condenser /
jurrent in the 
>aux. circuit
Counter e.m.f. in the Current in : 
the main wdng
Voltage drop across the 
■auxiliary' wdng. ;
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tixed'm agnitude and tim e ,4s th#  va lue  o f  capacitance
Soes.Bot • 'o^aiga, .th e  o u y re a i. j*  flo w in g  is  th e  m x i l i  a ry  c ir c u i t -  
r a is e v.-remmiua.'appxazimatsiy f ix e d  l i r  magnitude sod tim e jhsse*
J fo*: tlila ,: reason;1 th e  a u x i l ia r y  winding develops a f ix e d  .to rq u e t
"and th e  m a in /w in d in g 'ta ic c ru p  say T a r is t ie u s  in  th© load torque  
'; which th e  m otor is  c a lle d ,u p o n -to -ta ic e *
% 4,-4 ha'‘th e  load' o n th ©  m oto r .'in c reases , th e  c u rre n t ’in  th e e m p a - 
'" e i to r  jfcsse 'o n -the  c o n tra ry ;deere&shs, though -on ly -s lig h tly *:  
f h i s  ' i s - ’p a r t ly  due to  th e /in c re a s e d :/imp©deme© drop  o f  th e  -main c -
/ m in tin g '/{w h ich  reduces hhe/w alii©  o f, ’-cou n te r e*m«.ff o f  t h i s  ■ w in d *- 
n in s )  # 'and' p a r t ly  due t o ’ fh # /s X i|p it ly ' lo w e r epeed*o£ th e  m otor*
As stated' above*..the to u o t'e r :e f m *f*: o f -  the  a u x i l ia r y  winding is  1 
p ro p o r t io n a l ' fo :' ;tlie "p 'ro d u o t 'o f  & and- ' t i e  ' * w B t .
.-■therefore" i t  s va lue  f®ll|Sb:fee:■■the^ f^0^ : ; i o ^  in c re a s e s .’ : hence, -
/th e re 'Vis -v« l so & corresponding decrease in- th e  v o lta g e  across t i e  
/condenser* ■{ *ee f ig * '  3 4 } -/Since/the value o f 'th e  condenser is  
’•not a l te r e d , ’--there w i l l  “be f ro p  in  th e  ’ va lu e  o f  cu rren t flo w in g -. 
-through, / i t * . '  : "
/  / /  A re fe ren ce  has /a lready teen  made to  t i e  fa c t  that- th e - to  rime 
/due to  the  c a p a c ito r  pta aee ’/winding remains p r a c t ic a l ly  f ix e d  in '
■ v s lu e /.: ,f-o r .’mo sf , purposes,the motor ’ is  so’ designed that- a t 'f u l l  
. 1.0md the- two’ w indisge share th e  • lo ad ."e $ u a liy , hut th  1 & mrranga- 
,©ent would not .he economical i f  the.'m otor is  required  -to  develop  
;E higb ’ ® ta rtIn g  o r  h ig h  p u ll .out torque.- i% r  o th erw ise , a  eon* ■
' V;\ 6$
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denser o f  considerab ly  h ig h ..ra tle g  would be -necessary, ■ ®n,dt th© •. j 
cost of' tli©.. condenser may m m  b'©eom©v'gT©8te r--th ® ji th a t  o f  t i e  j 
m otor i t s e l f *  ' ■ Eon.ce't : in-'.ouch- -a case, ■•the '.motor is  'designed . ,; ;
w ith  -unbalanced phases, th e  being. considerably  < . 1
stro n g er than th e - 'm x i l ia r y  wind in g •/ ■ ■• '. |
r fh e to r $ u ©  Stie to  th©- m u z llim ry :winding can o n ly  b© increased;■'; 
.by In e re s s in g  ;;the v a lu e .o f  capacitance , 1a i t s  c i r c u i t , : ; .  &  t is  ^  |
.in te re s tla g ,to -n o t©  t h a t  . i f  the . capacitance < is  increased too h ig h , j 
■ th © 'a u x ilia ry  ■ m inting may > m m  $ evelop a .to rp o -  g re a te r  t.htm;\tb$t::-.j 
required b y  th e  lo a i  •. • '/’-ia  ' t ig * 5 5 ,  th e  locus o f  th e  curren t rectors; 
o f th% ■ tw o ' wind lags h are. been 4 rawn at./no - load ,■ eonel i t  Ion .fo r  .# i f  -  - i 
f© ren t .va lu es , o f  .capacitance in  th© a u x il ia r y  c ir c u its  •.. *• I t  msyh ' ! 
h e .-noticed th a t  w ith "capacitance. -of h ig h e r , va lues  in  .flic  s m x fV \.  ■'■■■i 
l l a r y  c i r c u i t , th e  s a in  -wind lag; feeds. back th e  . excess venergy-/I"' / !;, j 
taken;"by - t h ®  capaoi t 0 r : w in c in g ,a .• - I f  -th© 'capacitance-, is ,  s t i l l -  !
% " 1
fu r th e r  • increased t; th e  c u rre n t in  th e  mala winding becom es/lead- .! 
la g ,  i h l i e ■ th a t  i n - th e /a u x illa ry -b e c o m e s ,Ia g g in g * ; -Shes© curves 
agree w ith  ■ the s®. obtained by Specht* {See f  ran'©« '192,9) ;
f  rom- the  re s u lts  o f  t h e  ’.same' no load /experim ent # th e  curves . 
o f f ig ,  36 h. aye h © m  p lo tte d . : : i t  may -. b ©'; ob se.r? e 4 - th  a t  even. Mi en 
the  vo ltag e  across th© a u x i l ia r y  winding increases, con siderab ly*  
th  © co rre  spent la g .■ oh mage in  - th  e ■ count© r  e. ©, . is .; r e la i  iv e ly  . -
sm all* - -lb© counter ©r m ,f s. / o f  the- two-; windings however- .remain ■ ? 
in  . approximate :t ia e  -quadrature, • and .'.the r a t io -  o f  t h e i r  magnitudes •:.{
The Locus of the Voltage Vector 
of m Capacitor Motor on 
No Load
( With different values of capacitance in the -
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fig. Ob
Locus of the voltage vector
Voltage across the 
Condenser,
( Rdng.18)
—  oltage Drop across the An-r w*
-------- — ----- (Ddng.iS
f . of ,.m*1 • J j214 10 8 6 4 ^ Goufiter
20©\v
The Locus of Counter L.m .F, 
of the auxiliary wdng. p. VO
■ ran air? a re ?.so rth  1 f ' een r feapt , : i ?fc 11 ; c o n f irm * .-. o u r  qprarioms, fieduo-, ■
t ion* ' . ■:■,■ -■'■■,. V ; h-\:, -v^. ;
1 ■ fh® forego ins th e o ry  o f  e a p a o ito r m%or  has e± qw& that i t  
:k m  very  S ts ir& b le  perfom ane© d *s ra e te r  1 g tlea# ■ - I t  k m  a h ig h e­
st artirsg to rq u e , low r ta r t Ir -^  c u rre n t# 1b,fell power fa c to r  m$ 
e f f ic ie n c y , er# Sue to  the  at sere e o f  c o a m to to r , n e ith e r  *eom^ ■ : 
'su te to r t  r o r  r«3 io  in te rfe re n c e *  t u t ,  as seen above
m.si1 o f  th e  5 e s tre b le  c h a ra c te r is t ic s  are -aaeritf iced n.ort ox  less,; 
■,ir-:oi^e:r to ,use; a /eon&enser, o f Xomer r a t in g , .... lienee, ■ th#.:poa«i~ ,. 
M l  t i l e s '  o f  the  oa.paeit.or'inotor’ ms/ a M g h -.q u a lity  -macfe tn.e- • out 1 re -  
l y  on th e  cost an2 the  \u a l i t y  o f  the  o^n^ensors*
O-onjmat s to  r3  T o tc ts .
Bepulsion lo to t *V  ■ :;'.*»'. -Append l.x X Ifthe  theory, of. unb&ienoe* tmo
-phase Induct ion mot o r  .h a«:; been -s tud ied , ,by considering the  ro t o r  
as -commutator- wound, m$- proYioe^ .w ith  two p a irs  o f  short c irc u ite d  
h rn itie s ,/ ah:- r ig h t -.angles "'.to eseh o th e r. :lh e  two fund ament a l - 
.equations. a r s y '
' ' ' K  <1 >  f M > t  ‘ . .V o a  -  j
n
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th e  brush c iro n  i t s  ,■..'■»■ n , / sag, ; as 'shown..; 
.in,:f:lgv ■. '37' *. I t s  ’"o f fe e t .on'.'the ©lierae- 
te  r is t ie e  $f: ; th e  / mot o r--'would he Bim11 s r  ■ 
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th e  roto r  'becomes e x a c tly  : l i k e  t h a t ' o f  a  se rie s  eommutator motor.
. .?he t io  s ta to r  win#ings/.sn& th e  ".re m a in in g 'h ru ^ i.'c irc u it /o £ .::: 
th e 'ro t,o r: Can he; connected # e i th e r  co n du ctive ly  o r  i»au<^.ifa iy^.,; 
i i i /  s e v e ra l '.d if fe r e n t . TyayB|;Op>:;as to  .give d if fe r e n t ,  t y p e s . - -■■ 
■fet^etors.. motors^ /  S e re , on ly  the  case "o f Bepulsion motor w ilX '0 - 
: ho ixnre st ig& t ed ; tn' 5 et a i l . fh e  th e o ry  o f  a f  ew-- mo re  : serie#^ ///'
'motors g ;:
V I f  th e  t wo s ta to r  .‘trtiid:=i?as -
M ■, and; $ 'a re  connected i n s e r i e s /
m& th e  l in e  vo lt-age-applies  across
■■themt . then th e  m otor becom#'®-.; idenh;/;-:
• t ie a l  to  a P la in , Bepulsion m otor. -
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Equivalent Circuit of the Plain Repulsion
Motor
■ ■V- - ih e  ^on; rep resen t s- th© 1 lotafl.' ©it;tJi.©'fflotor#-:.a»4 ,as i t -  '
floes ro t"  contain  ■■■the■ term;-- 3 , i t - i s  .equivalent:-, to', a con inducti?e
•-res is tan ce ,"  ;Ia; th e  e^uiv&leBt---.'eiT©uit of; th is  .motor:: sfoomvia v ,
f  ig * ?9 ,• I t  v is- cor s ifl e re fl: a s _ eonae cte fl to  ’ th.e he coal a r y : o t i th e  
® a tra n s fo rm e r , ,tt ie re ; th e  s ta to r  w in fllag  a c ts  as 4ha: p r im a ry ,;•'. 
a r$ : th e  ; r o to r  c i r c u i t  along' t h a t ; a x is  m  th e  secondary. ■
V;, fh e  :t c r s s  Z*a ^  %n  r ^Presen^ th e  t o t a l  irapeiene© o f  &
' c i r c u i t rixtoh.' -comprises tfc ©■■■ imped ©nee- o f , th e  s ta to r  - wisfl iugv, 11 - 
anfl.; th  ©; exo i t  at io n impefl ©bo e along :a va' a x is . I t  i s ' th e re fo r©
l i k e ; s ir  open"- 0 irc u ite a v tT a a s fo im e r# : and:'hot;a m:. ^ e h o h e . /^
O- ass if i cat i o n : o f  : Coraxsut at o x -Ho t o rs : ic'cofd ing • t o ' the ir : Qaarac-. ' t-v
, ; .: .r ., \ . ' teristies. ..p ,v:’
;i: fhe .few other motors mliich hare “been .:iav©shig«fc©fl;'iR}?App 
<t ii H  here -b Ibo 'glwen\iv relation da ip ef/tfeir^
titles similar to!.that ■ for-a IXmlir htpolsioB motor*'' ;fh.©;.flux’J^-v 
wfc i<ti - met B - m  the working ; f ieia;: le '©xoit ©I. .hy the .■.current':. .:♦ pvT
Ifce letttr#; 'in1 .some eesee, '^ Is/the -seme ‘ »s.the .armature...ctirrcnt. 
while ,iii others,. It ,W'mriaB^ the. seme'; pro port ion. Vf
as the -current’ Xn * • low,' Wbenltfce .excitetIon. of. motor;:yari©.s'■ ?: 
i n  moms ' propoit.;ion with■the eraBtuye current, tlilie thewolf mge, 
aero as ..the: armature. remains ’ nearly const act, then the of;’.:
the motor, will wary witlijthe;:io in ■8u<^’..a -my;,that'th@-vprt>fluct' ;,: :. 
of, the. , i l n x f u . anfl' the’-spee# '".t!''remain© nearly (const ant . ;; vi motor ;, 
■With., such' cfc Bract eristic s';ie’;hro;wn, «tS; .a' Series motor,; , Jtien-’flie - ’; 
exc.lt atlozr, therefore' ml so - the wo rirteg ’ field, Is fci eperJ ent ;••' 
of the; lot# the. mEcfc Ire - is known ms;m Shunt motor,; the speed, ; 
of: this .motor remains praet 1 call y/c© nit ant for the' ent ire :■ work lag. 
t m $ ® 9 though' this.may retf Bseesr&rily he' the' synchronous.' speed
' Clsssificat Ion; of ■Oomsnit at 0 r mot © re, accord lug to their, field '■’;■-
;,-. .-;,v -; ■’ system, - ;
;■ H e  ■ commut at.o.r motors may also' fc e el mss if ie 4 mccor^iug to-.'- 
tie.lr .field-, systems into .two classes, jiluisating field • machines 
mud;; 11,:. lot.ati tm  field-: machines.• • The 'marines’;in .which the- roio.r 
is in the primary circuit produce• a-,'stafcionsry■ pulsating fielS’ ■
'an# th e re fo re  belong to  t ' e e l a s s j . ,  A l l  o th e r  types W f motors !r
- " ■ 1 ■■ -.■■■■• ..; - _ ■ " ■■ ■ • ' . ... ■ ; . ,-,;V -.. ' - - |[
.■hawing...their ro to rs  i r  th e  ■ secondaries produce.-.an' e l l i p t i c a l  
v. ro ta t in g  f ie ld  .rialch.; beoom@s ;approxim ately c ir c u la r  at. synch-,r:ditQUS - 
■ \ -■'-v speed, : fix a J la in  - XriQulslori;-tiiotor-belongs to  t h e l a t t e r -  class.-v . !|
’It/eh o u ld -.h e  noted" th a t  ''vhe '.im lsatlTig fie ld ,'m ach ines can eoxnre-. |
he 'prowided.1 w ith '.;s a lie n tv p o le s * . - .- '■;
■ , . { - . -'. ■; . .' • • : , '■ ■=■ ' V J .i \ -• / V'J --m': V *’ ■ V .' ' ‘ . -A ’'V-h jX
F o r a  ro ta t in g  f ie ld ;  ® i i i n e , ;  f e ,g ,,' p la in  rep u ls io n  m o to r),
; ' th e 're la t io n a l. ip ,  o f  th e  f lu x e .■ a lo u ii; th e  two p erp en d ic u lar axes |
la  g iy e n ’h y .th e . e q u a tio n ,; -. ®ien "the .speed _ o f  ' • j
; th e  m o to r.re aches . synchi^souavw^ to f Qt and
:. .th e re fo r® 'th e .m ag n itu d e  o f  f lu x /^ ,  becomes equal to  th a t  o f  /  ,
lienee, the-- re s u lta n t f ie i i - . ; in; the: "a ir-gap  becomes o f  const ant 
; m agnitude, wJaidh ro ta te s  w ifh v tlie  -.rotor* ■ and,- th e re fo re  th e re  is  r.o 
'7:yVvV-. t  ransfo-imer e ,m »f, induced ; in. th e . co il,'undergo ing commutation.
-:.:"v;- ' lu e . t o  t h is  reason .the  m o fo r^ ife e ;m o a t s a t is fa c to r j ly .  :Et;,aynehro*»-- | 
,: . nous speed ,- .' .N -/- : ' 7... 7. •■.■.;•.
- _ A .p u lsa tin g  - f ie ld  maeh i r e , ( @.g , ; p la in ' .s e r ie s ) , on th e  o th e r  v
h a rltf run., at . as high -a speed as possible-, . speeds fo u r  tim es  
■ syrch.'rono us m ru;quit#  "common» w h ile  eueb speeds would.;'ho ineon- .;:
. I-, v 'c e iy a h la  f o r  -ro ta tin g  f ie ld  machines. y 7  . 777f;7
' - - 7 A g a in , i t  l i e ' p referao  1 ©via: y reg u la te  .th e  epee d o f  : ro t at lug yy-v 7.
... :. field;'-:maah'.iij© '-under synchronous' speed, i lx i le  th e r e - is  m  suehv.;!. Iv,' 
l im i t  a t io n - fo r  "motors .o f th e  .o th e r c la s s , V'■'■. f h is  "is "due -to . th e ; -- . -
■ reason th a t  in  a 'r o ta t in g - '- f ie ld ’.machine, . .
- V --
1 rs m o fo n o r  e.m, f  • in - th e  vy isypropo r& to n a l to  > , - I. ^  .^JC. y j 
© o il'u n d e rg o in g  commutation , .y" ' -V. ■v" ;" .. ,fH. |
» * *  • 1 *  " ‘7  ernressed "aa ^  o f  V
at.750 ,’ JJ load , " ' 7 " efcomdsfcill. r a lu a y g  .7
771 ** ■s* - ** ' '■’ A " I ; \ ^ .7yyyyyy ■■■....**';y . **.•■■ ■■■•- - ' *  ■••’ -**:
. a t  W  $  ove r lead ,7 ty-y-y  y -■ y ,7v 7 y7yy’7 .
7' v ■ fh® ' r o t o r , . i n  the#' ' ess# ..7f y ira ta t i i jg  t i s l d ; m achines, i s  inyth©  y 
'secondary 'c i r c u i t  ? ' th e re fu re '^ it^  o ^ ’yeouweBieutly be deslgned7. fe r  yy' 
lo w e r w o lf ag e ,, a n i .th u s  reduce th e  cost o f ’l t  s in s u la t io n ,  .y777  '7
C irc le -d ia g ra m ,fo r  Series; m oto r, y.;7 : 7 ' - '
.7 : gene ra l re l.e t.ioB  s k i p.’o f  . th e  •■’cu rre n t. and.; v o lta g e  # f  a l l y
s e r ie s ' m otors id  g iven  by ih e  ;;equut4oB , ;.; . ’■;, 7
• ■ t  = I* [( Si + 2or} 4. a* 4 z« 4  |  i or1
le t . . 7 ';;7 ^  ’ '7-s-': ■ Z l  + ’■• 2,7 1: ■ io t m i■ e f fe c t iv e  imped-euc© o f
yyyyVv yy y^ t*® wiping r.
Sa4:; ' : ... . ,=  , 4 £!. — CornMred impeacsee o f  th e  r o t o r  ■
■\y yy'/.'y.. 7  7 - 7  ■-7,77* ' * feed th e  s ta to r  felosg i  i  ^ x is . ,
• • yyy .;, . ^  f 231 «|» 7 ^  ^ +  q ^ o n  ) y 7 7 7 :7 ’- ...7v^--
yyyy ;y/ ; :Wy: :1’ [ r % 4 .7 4 f - y b  7 i ' /T J ;y y : ;.
S i« ce #; | l  7 -sets 'us ’ % ¥-arimble - r e s is t  sue© - in  th e  c i r c u i t ,  th e  7-, i.. w >.©n . ■ * . .
lo c u s  o f  th e  c u rre n t ' v e c to r : 1* w i l l  be -a c irc le , 'a s  shown ' in  f  i g , 41.
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Graphical-Method * ' . ' ; :;
.'. fhro'tigfc th e  po in t Sf ;:f.y W ;^ 2* perpehl Ic u lm r to  OB., v ket/OiP ; 
pro$uee& t i « ' r4/V^.^hen/the\'i&ierpept: represent©' epee#*.
f  orqixo,
fo  rque Output $pee &
on
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k ' as B efo re -.is  the  bc& Ie. constm t  tor , curren t v e c to r . ;. :
'She v a lu e ;o f  S¥,.la- maximum/at s is m & s t i l l , - ihen; th e  p o in t B; coin*
.ciSes w ith  th e  p o in t B* ,-.Hence *; th e  to rq u e "o f m -series m otor i;
maximum a t stand ® t i l l .  :
V:Power f a c to r  improvement o f  s e r ie s  m oto rs*
Ik'.all series motors, ■ tke'flklt 'eoil '-ii like'm choice .la"series '
■with- - th e ..c irc u it  ■ JT -find ;the:-$raagla«iTy aoaia^uotlT©  'raslBtnso©-
S ' "■ '■ "•■'■ ' / ' „ ‘
.—., *.>,3Ln • - fherefore -It makes the/pow er fmotor of th e  machine
poor,,.-■.-■low, i t  Is  p0 a s lO l t ; to ;xrofluot: tlio  reactance of, m  urm*-—
turn* by p rov id ing  a neat rax iM r g  wind ing on th e  s ta to r ,  hut . th is - .
, method'; iso aid  aot' to  fe a s ib le  for reducing the reactance of the:-; Y.
f ie ld  c o i l ; P o r  -along w ith Y tie  •■.■reactesc® \$  th e  working f i e l d , .
w il l" a ls o  he reduced, witii:;-|lic :re s a lt ' th a t  th e  machine would
n o t to  ab le  to  produce' th e  nM®mmry) to n m e , : ■ : , :
Obs ' way o f improving t k e :;pow@r"factor is  to  reduce the. sms- 
; hef-.:o f  f ie ld  - ampere tu rn s  th e  lammtnre ampere tu rn s .
\ fh  is  however can he tone okl^^upto'-a l im i t  te fe rm ifitd  by t h e  .,1 
icsm lation. and th e  heat € ie s ip s tiB g '-:c@p%clt:7 of' the' r o t o r , ,
■oL
Fig. 4-2
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. . le t  u b; see i f  i t  Is  p o s s ib le , in  any way, to  reduce; th e  ’ . 
vo ltag e  drop across th e  f ie ld '  c ir c u it  h w ithout a lte r in g  a t  th e  
Sums tim e  th e  in te n s ity  o f ,  th e  wo He ing f  le id  m Jaw, as long
m  the  f ie ld  s o il is  o n  th e  s ta to r *  o n ly  o»e ;e ,m . f *. ,c;ea fee.induced 
1b i t y . i ; © .  th a t  tiae to  fey t ra n s f  orm er. sot:fe n . I f  th e  f ie ld  ,;
eo 11 le  ob th e  ro tor,, as eiown 1b f in s .  41 f f i t  43, as a d d it io n a l  
K m * t *  ie  p tod 'ueed.In  I t  due" to  .T o ts tlo n ' t h r o n g  t f e e f l u m ^ V .  
f f e e 'f ie ld  e o l l ' t  «md th e ' t r m * f o m * x '  e i r e a i t .  M  may e i th e r  fee eon. \j 
re  c t ed eo»dmot 1?s l y ' -she wn . in  f  ig *  48;f e r  ind mot i t ©1y ms gfc$ m
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rat
The dotted lines show
the voltage vectors 
when the field winding 
is on the stator.
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Vector Diagram for 
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Fig. 44
.■■■■■ I b - f i g .  4 4 , ; ^ '^  to t  o r  tim g  ram o f  ■ e iee ttios l-- fa a n t . i t ie s  o f  th e  
m o to r with -powor fmotor compensation ferns leen $rmmt and f o r  
eoisparislon*. the  v o lta g e  v ec to rs  f o r  a motor hmtng  i t s  f ie ld
© o il on th e ' s ta to r *  fe:awe te e n 'd ra w n 'in  d o tte d  l.in e s v
; th e  po wot f a c to r ,  ; Tol tagt - . ;
O  ¥ " serosa th e  "field-- f is S ia g  is
app-mximmteiy-: quart e r ’ o f  & -period;
-  . ■ in  t im n a t  o f  the  f i e l d . # *  :from  
Fi-g. may be -eeea t i l t h  as ib e /J ; .
. . ieg l©  o f  lBg< *m* due 'to  t h e ; 1 ro n :
, losses in  th e  f ie ld  winding in -
: : - - t Fig» 45
creases th e  vo ltag e  . th e r e - ':: V
fo re  also th e  l in e 'v o lta g e  t+ ;tm  brought'm ore mo re in j&ase,'.
with the current 1*. ia Steinmetz -puts it ftelxciting the field -4.. 
: -, by a lag g in g  o u rres t , a  la g g in g .g e .m lf,o f ro ta tio n  is  producei '
\ .  ■ --'liiicfo is  e q u iv a le n t to  & lead in g ;; Current **■ I t  should he noted ’ 
th a t  d u e . to  f h t  in er@-a.sel :- jhase" d ifference’ between, I  mud ^  . t h e  
torque is - s l ig h t ly  .low er b u t t l e . correspond ing change in  th e  ■
:■ po^sr fm otor i s  eeasidsr& bie* ’ ---■; ., ;
. . ' f he  c o i l  undergoing eomBut at-loBi;.act a as a second a 3^ r t o ; th e  ; 
- f i e l d  . wind tug ,■■■'-Eijd. th e re fo re  'produces: th #  tim e la g  between f i n d  
in e x a c tly -th e  same way as ed'&y c u rre n ts , ' ■ I t  .is  because,o-f\
4.: :: t h is  b e n e f ic ia l  e f fe c t  o n 4the  power fa c to r  th a t  c ir c u la t in g  c u r-  
re n te  a r te  ...suppress ad to" a  le a s e r  e x te n t thm  one' m ight expect. ■
^ .  4.' : ■ f b e ;s q u ir re l cage of; a Expulsion Induction motor .also m i s
v':_ as a  secondary to  i t s  f ie ld  c ir c u ity  and th a t is  the  reason itiy
; t h is  m otor has a .m uch-superior power, tac to r, to  th a t  o f  o th e r  .:
• ■". a tp r,.m o to rs ,: ':;; ; ' .
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" ■ th e re . Is " y e f -one mors way o f producing" the  tim e  |hmse d i f f e r - ;
:  *  ■ ’ 8 ■ ■ - - ■ ■  . . .
ere e  betw een'the f  ieXd ^  ‘fee  cu rren t I ,  *&iefc' w s  f ir s t .  sug­
gested '■ by McdOLlistert ■- i^lae , field ... winding. in  th is  ■ ease i s  itm nted  
by a noninduetive...- re s is ta n c e  •*- 7ee© 7-f i g . 48.,-' - f  rom the. s e c to r  • 
..■disgrsm 'it.: may.-., be .Qbseryed\iks&..t}ie curren t .1^ in  th e  shunt leads  
th e  . e u r re a t ' XB in; the-;.fie ld ; wind f s g b y 'mppiro^ximateiy 9 0 ° .  I ’h e re *
' fo re  th e  re s u lt  ant .eu rreat I  leads th e  f ie ld  jSn by n considerable- 
an g le . . ' , .  ^ ' "' :
' S e ries  M o to r , m  •s 'tT n ire rsa l 'M otor- :;:
''■■•■■•fhe’--connections.'.of Se|*ies^m otor,*see ' Ajp-endis: I f - ,
■.are  Tery-Buch l i k e - i t s . d . e ,  - p ro to typ e .. She mBin d if fe re n e e
l i e s  in ' th e  fa c t  th a t  an &*e. m o to r is  .p ro v id e d -w ith " a n e u t r s i is -
lug  wind lug If on th e  s ta to r ,  th e : 'purpose -o f i& ich  . is /to  n e u tra lis e
th e ; ampere tu rn s  o f  th e  am ature-, end th e re to  reduce', i t s  e f fe c t iv e  
.7 " '■.: series '7"; ■ '■ " '! \ v " '■■'■■’^ 7-:-
■ re & e taa oe * : 7Ee»oet " i f  a d *e ; . m otor was connected to  a .c . mains
- ;0-- P ;^ 777-- :v,'w 77" ‘ •■■■' "■:.^77’ -^- ;.
- i t  ".would *; ran >-.- h u t :i t s ; e f f i c imay  and .power fa c to r  would bs mery 
" poor. ■ f.hs7eddr ecurrent ;'shd:\hysteresis..l0;esse in  th e  c o re 'o f  . . 
.th e  f ie ld  wind ing can be co nsiderably. reduced by using 1 amin at ions.
a.c.* sertee m otor,on'th:e; o fh e r  hand . w i l l  run' o f f  io ie n tly
■ on 3 . e * : s u p p ly ,' and", i t  " is  ;fo r v;t h is  .-’reason th a t i t  is- becoming
in o re a s ln g ly ;p o p u ia r -as'.'a-'.pn’iv e rg a l'm o to r ,, fo r , f ra c t io n a l-  h d rs e -
powar domestic. .Bppliances.V-y^a;;',^ ;
Xh e dost r&bl e cfc'&raot a r i  at ic  s o f  th  © load .on a u aim a r  sa l
■"motor'are .the same 'as- th o s f- .fo r ; 'my  'o th e r .s e rie s  motor; i . e .  (a);, 
fb e 'lo s d  tsr$u© should never d isap p ear, f o r  o therw ise th e , mot o r;:  
■ w ill- ’run' mwsy;" ; : fhe^dan'ger-4u©: to  :,ib7. iaoreasos w ith th e  .s.Isbs: o f ' : 
.'the. m&chineV’"'*’ r'{b ) ib e  torque and the  speed o f  th e  load should--.: 
• V a r y ■ such a"way th,«:b;: tie';.produot o f  -the tw o . I s  .mpproximaf e ly  , 
constant ■; '■■':; " i f  the  ■ sp'cef; of I t i e .' load is  to  remain constant y  .th e n "’
• the-load-: toT^tue ..hb.'0Uld;-:aXao. ba^#onstgnt" and ' i ts 'v a lu e  known*
H otor as a  U n iv e rs a l ho to r .   ^ ^ v ---, v.,-.
.-■..-' i  ‘ ?_... . . . . . . .  h  Vo ---.7. -•. > • '. .V .. ... ."* '... ' •• • 7  " " "  ' -  . ..,_ •
■ . I f  :m d .c *  itiun t' m otor is -e o n n e e ta i to " a  *e .m ains, -p ra c tic a lly -
7; 7 ' v ' 7 J- 7V777:7 ‘ : th a t - •, '..:--v;"'7- 7" 7
bo:to f iu ©  is "  fred u ced # /-the,, reason being^the making f ie ld  and the  
arm at ure v ■ current are -' in  app ro-adrcat e . t  ime xna$ ra t u re • f  h e f  ie id  ■ 
co 11 lia s  a  b igjh react ana e ;. the  re fe  re the' s x c it s f le n  c u r r e n t ' and 
'th e  f ie ld  la g  behind- the  l in e -  T o lta g e 'b y : nem rly ' q u a rte r  o f  a  
p e r io d - ; f  he - armature .curren t on t i e  © t ie r  hand., - is  n e a r ly . in  ' a.-.- 
giese w ith the  l in e  vo ltage., .'beeause from - p o w e r.fa c to r c o n s id e r-  
at ions th e  arm ature la  always, d©signed ,to' bave - a. low  imped er oe- • 
■angle. _ I f  .the. a n a t u r e , imped ence - angle . la  mai ©., as ■ k igh - -as th a t  
o f  th e  f ie ld  ,w ind ing , the  to r iu e .;p e r  ampere may. then, a-ppro-ximrnts ,
to  that'' of. ^ u r  t 'motor* th e  torque  ^ i t  s e l f : would' s t i l l  „
remain 'fo o tle , fine .to the.' r ^ u o f i .!■;.armature- ...-current, -■; B.©sifiesf , 
th e  'power- fa c to r  o f  .'the moto r  woulfi ;6.e te r io r a t  ©. conslfi'ersfely.,
■-■■; fho f  I t l f i  asfi the  armature c u rre n t: may to  ‘brought in  .t ime :. 
■|3ims.©; byN. in tro d u c in g  in  th e  f  is ffi c ire o .lt  a confi e n s e ro f .  such; a ' .... 
ra lu ©  th a ir  t h is  c irc u it , act© .li&e" a' roa ln fiuet iw t .resi-©fc^qOi;ff®«V 
f ig *4 9 *;:- ■•■ fhe" Y o lta g r  asrb©flHte®^:?i©l3.<■ w in fiing hw ill; now b© .axces- 
:.© ive?haa^-th© ro fo re  - i t  has to. be fi ©signefi - f o r  «  much h ighfrhVoXr • • 
.'teg # tb 'au ; th e  l in o  -voltage. f h is  b e ’©tToiS-el by .using- a .
t r im s f  o rn e ry  m  'in."f ig * 5 0 but th e  -coat' o f  so hssny .a u ^ i- , -
X ia r is s  rc iu irs s l m)Ul^ ;n o t . p e r m it ' i t  to  be a  ..-commercial, prop© s i -  ■
Eotor
m
Ib e ' -Sbunt':Oomsmtator Mo tcj ry
Eotor
Eig* 50
'■ ■ . I t  has .been seen In  th e  la s t  ■ paragraph th a t ' in  o rd e r ;tb  at 
any shunt motor should rum on a .e . supply* tb s  -'voltage sore ©e 
the f io i f i  w inding should ..begin 'approximate tim e quadrature w ith  
t li -at aero ss t.h a arma t u re * , ■ Xb is  . can e asi l y  . be bone when e  t  iso 
phase supply is  a v a ila b le  r ; but .with a . s in g le ; $b as©. .supply some' -
®etns has to  be found f o r  .producing'the kpuadrature e.m. f ,
1%'w, i t  has teen  a lread y  eh own th a t  * en a ro to r  moves in  a 
s ta tio n a ry  pu lsat ing f  l e l3 /^ ; ; 's a y f • the to  ro ta tio n
g en era te ! in  i t  Is  Jn tim e phase w ith  th e  f ie l ! . ;  th e re fo re  i t  is  j
in  ..approxlmate time- q u a !ra tu re ; with, th © .v o lta g e  -Y^: across th e  ,. j
f ie ld ;  .winding;.:, f h is  r o ta t io n a l e .m .f . has been used in  Atkinson  
m otor f o r  e n o itin g  the working f i e l d , . I t  should he noted here  
that: th e -w o rk in g  f ie ld  is  not independent o f  speed , as in  th e  ease ! 
o f  t, d c  &. shunt mmdh. in e , hat i t  ie  ind e'pend ent .01 th  e lo  ad c u rren t , 
iflht ich . is  t h e .- d I s t l r  guishing c h a ra c te r is t ic  o f  . a l l  shunt moto rs .
Fig. 51
L
L
A l i t t l e  thought w i l l  show th a t i t  Is  no t necessary to  have 
a separate f ie ld  winding, as shown in  f ig .  51, I f  th e  brushes 
along n n a x is  are simply short c irc u ite d , see f  ig . iS  'th e ,
ro to r  i t s e l f  would serve as a f ie ld  winding* ,and produce th e  
necessary f lu x .  f h is  m otor no?; becomes id e n t ic a l to  a  s in g le  
lirase induction  m otor, and l i k e  the l a t t e r ,  i t  cannot produce 
any s ta r t in g  to  roue. . But as t h is  motor has a commutator, i t  
can conven ien tly  be s ta rte d  as a Ke puls ion m oto r, and changed
.over to.- thunt type  . vfcen I t  e, spee$- -reaches. .• appro s lm ate iy-' f u l l
\ lo c 4 ,T S ltte V;
Bpeet Cost ro l 'o f , . % unt m otors.
. I a};': l ik e  a £ . e. :A t w t ' -mot a r y . b j  ■ irary- -;
■ In g , t h t , - f ie i j  .-.excit at ion*: '.J * h i t  can ■
be-.-flone : in  t-wo $ i f  f e r e r t  : wmj£*;;,V :
v.:-.;;;k i :. p i t t in g  /•an-, impelcnee in  -the J J  - -  - ...J ig . 53
• b:ru3$x c ir c u i t  :«-hpV«Ve; f i g , 53. The
, impeJanoe has to , ,b e pure rea titanae J 5o r 'o tb a rw is a *  th e ’ .'esc i t  a - •
. t  ion cu rren t J ^ /w i i l '  ro t -be q u ite  in  t in e  qus$ rafcure- with'- the...<: ■..,;.
. Tot tit to n a l •. ©, &. f ,. IL _  o r  th e  f l u x / .  11 e r e f  ore  1!, #  " 'w i l l .• . ;*ar-- '  m ..•■■■.•...■■'..•■ , n. - m ....
react w ith  each.. o th  e r . anfl profi uc o a to  r im e Is  © ppo s i t  e l l  re c t io n 
■to th e .m a in  torque#; : J t e  rpeeS w i l l  increase o r  .-decrease •soeor$«
.isg  to  itie th e r , th e ’:,reactance is  m  inducta&ee o r ■:a c a p a c ita n c e ,...
.r e s p e c t iv e ly * ^ j  J ; -J -•:. .■■■■■,.,,, :,-v- -. J v J u  ■;..../,> ■■; .
J J  e f fe c t  i r e  reactance o f the
f i e l i , .  w ind ing can .also; be; altered-.by.-... 
p ro v id in g  an a u x i l ia r y  ,wfnd in$ on. t h e ;
•at © tor along- n ■ b a x is , -,&rJ eosseet lug 
i t  in  s e rie s  w ith  th e  brash, c i r c u i t  
n n , see . f i g , .04» • ffce #axi. X la ry  w in d ••:.- 
lag u s u a lly  h a s 't  app isgs ’ m  ; th  at i t  s. : 
sm pere-turns e ith e r  aid to  b r  substy&at ' 
from  the. ampere tu rn s  -o f  th e --ro to r  .is  severa l d i f fe r e n t  propor­
t io n s . ;
■fig* 54
(h ) ■ Xlke a d .c , mrntihine, keeping t h e . e x c ita t io n  cob s tm t  «aft
L
Fig. 55
vary in g  th e  to  I t  age so roes th e  m u at n r  e . 
fh® vo ltag e  across the  a rm a tu re ': '■
Could h# a lte re d  hy changing th #  " 
to l.tage a p p lie d 'to ' th e  m achine,'' 
hut a& th e  v o lt  age across th e  : f ie ld  
would si-so h e .'a lte red  in  ■ the  -mm 
pro po r t  ion * ’ the  ' speed o f th #  mo to r  
would remain p r a c t ic a l ly  the  • earn#/■
1& f lg ,£ 5 t &* arrangement' is  J: own 
whereby an mid i t  zonal it
In jec ted  ■ in  the' ro to r  c i r c u i t : along  
m is a x is  w it! out changing th #  .value o f  f l u a n d  hence also " 
th a t  o f . th© r o ta t io n a l  % r  * ^h© speed w i l l  now change,
and th e  © tm ilih r iu  caafl i t  io n ' w i l l  he reached when th e  hack e .m .f ,
1 along s ra  axis'becomes m s i mat e l y e i u a l  to  th e  v e c to r  bum
■ -Br ;
o f  1 tm  v o lt  a go "and th e  in  j  ect e i v© I t  age *
n l
m
93
Sa. th e  l a s t  ch ap ter i t  was.observed th a t 'th e  c irc u la t in g
Current a i  n the  eo H u n d  ergo tag . commutation have a bent t ie  i a l  
e f fe c t  013 t l i  a power . f a c t o r  o f  a motor,, .th ou gh . i t  a e f fe c t  ob 
coBmatatloa^ iSf h a rm fu l.1, .;■ fteeidesr im proring th e  power f a c to r ,  , 
th e s e 'e ir e w ia t in g c u r r e n ts  a lso  e f fe c t  a 'Considerable re d u c tio n -
■ iB-’th® 1 running f r e e 1 :;a p e # :^ 0f : th #  m o to r .. It is  f o r  the., same 
reason th a t aa:' a .c , s e r ie s  "riotor;vis ro t  so . l i a b le  to  rm  i t  s e lf
■ 10 ' € eat ru ct io a"; 1 ik  e s d * a * y se r i#  s ms to r .  fh  ese e f  f  e ct s- are .
Terjr muchmeragg©ratedin'rarite puis ion Induction  m otor, where th e  
;.preseuoero f  'siulrxei''0age':-UBd.s3f33eat2i. th e  commutator winding .. 
■has. th e  same- e f fe c t  pB ."th;e}.eharacteristios o f  th e  motor, as  t h a t . 
.of th e . c o i l  ;^ b rt.. c irc u ite d  hy the  brushes* the . * running fre e *  
■;«pced o f  t l i i  s. ma.dh.iiie';; is  omly . M  Ig h t ly  .ahote synch ror ism , and 
■■■the. speed-regulat.io .u:’nearly.-hs; gbei/:.as' th a t  o f  m p la in  induction
motor* (See f ig , .5 6 .)-
; .' fh e  .reactance o f  ..them equirrei ■ cage sho-uld he as high as 
possible...sc. th a t ..a t  flta^ '.'the '-C xirreu ts  in  th e  s q u ir r e l  cage are
■ n e g l ig ib le a s  ' compared- to  those in  t h e . eom m t& t$r w inding, f h is
•:wul& g ive  a good .s ta r t in g  to rq u e , and; in  p ra c tic e  i t s  va lue  is  
'.aboutf-.three tim es, th a t  o f - f u l l  load torque* ■ fh e  reactance how--
;eyer cannot b e . Irereased y ind © f in i t e ly , f o r  th© g re a te r  th e re a c t*  
■Unce th e  h lg h .f r .th e  no load- s p e e d t h e  load i s  rfmoyed 
■the-speed ■■goes-heyo.nd -i?yn^ironi-am,; and stops a t  a  va lue  where
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th e  m oto ring  .torqu© o f  l h ©■.©oramotmtot .  w in d la g '.hs lanc ©s th e  -gen.er- 
. load
a tin g  torque o f  th e  th e  s q u ir re l cag e ,.;;;..vIow* th e  ^ c a p a c ity  o f  a.
s q u ir r e l  cage w a fie s  in v e rs e ly  .as i t s  'reactan ce , lh© r e f  ore "by
in c re a s in g  I t s  re a c ta n c e , its  g e n e ra tin g .to rq u e  i s  reduced, w ith  
th e  re s u lt  th a t  th e  speed g iv in g  e q u ii. ih r im  .co n d itio n ...is ' ir a r y ; -. 
m u c h  h igher*-' Be s ides ,  ' the-no.  load; c u r re n t*  '©ai- th e re to  re./' m  
Is-ai l o s s e s , : a lso  increase  ^prn port? ion  at e ly . a s -.the no loa^c-spaed .
.r is e s .  :
?!<?• 57
o e\
■'Non-Magnet ic 
Strip.
■ r fh e  resistance.' o f  th e  - s q u ir re l c a g e ,. on .the , o th e r  hand f 
-should' he h tp t- m  'lo w  &$'.-possible. in  o rd e r to  h-swe s. close.,-speed 
re g u la t io n . ' f h is  i s  because th e  m otor/behaves l i k e  -a p la in .. 
in d u c tio n  m otor f o r  th e 'e n t i r e  working range $ , i * - e . ,;the., .speed . i s / '  
n e ar synchronism, -and 'the speed - regulmf.ion d i r e c t ly  'p ro p o rtio n a l 
t o ' t h e  s l ip ,  - J .
; - a h a com mat et^o n , i s  - much ■ sup© rio  r  to  th  at o f  $  • pl-min rep u l sin a
m otor due to  the fo llo w in g  r e a s o n B e c a u s e  of-the s q u irre l:
■cage the , m otor always works near synchronism * and, t h is  . I s  th©  - 
most .favou rab le  S|:ecd fo r -  comrmatation, ..A ga in , th e  leakage - f l u x  -
o f  th e  ;oo 11 undergof ng"coramut at i o n 1® in f  e rlin ke d  ; %ith."the sqpiir* •■| 
W l c s g o / i l t t  t t r r e w l t '  th a t  g re a te r ' p o rtio n  "■■of. t i e  enexgy v j 
generated'-“by 'the" self.; ir ln o t  Ion of'-the';'short' c irc u ite d  ■ c o i l .  is':"'-; " !|  
tra n s fe rre d  " t o :the  e iu i r r e l  cage hy t;r®n^Q23Ber-"actioa,'''«hile, 
o n ly  a email p o rtio n  o f ' I t  appears 'm : sparking. " la  some motors .|  
commutation is  fu r th e r  i f  improved fey p a ttin g  t h is  s t r ip s  o f - ,  ; ,  ^
nonm-agnetie m a te r ia l o f h ig fe l# l© c tr lc a l res is tan c e  in .th e ' s l i i s  '. .-;§ 
connecting, th e  s lo ts  o f  th e  •two . r o t o r ' winding e. ■ fh e y  ta k e  over 
'th e  '.''energy f  worn .'the' short -/circuited..- c o i l '  is  e x a c tly  th e  same way i
 ^ . ■ .. ;- . iij
m  th e  s q u ir r e l  sag© does, ;:y iiiie ,:th .e ir  e f fe c t  on th e  c h a ra c te r--.*•• j 
'" aV..--- t  -I,/;'.; \ i (I
f s t ic s .o ?  the  motor, i s  n e g lig ib le ^  /:./: . :|
- I . : ; : ■ ' ' ■. \ :V;- m  ■■■': ■ ■ m ;  ■ |
■: Sfcie motor ‘bears a g re a t s t a l l a r i t y  to  t iie  to a b le  cagevin3- ■ I
' \ : ^f;;; ’ '■• ' - v :1 , I
motion' m otorf {Boucherot "type}* a s :,fa r  as f t -s  mechanical. ebn-sfiuC*• |
t lo u  goes hut- I n ' t h e i r  e le o fr lc a X m h a ra o te r is t ia s  th ey  ’ are  y e ry "  |
. .... ..■ ' .,. '■ ., . . . .■ ■ -v j,
. much d i f f e r e n t ,  As'.-there ■■■are".npt-any s in g le  -jti-ase- motors o f  - . j
th e '- la t te r .,  ty p e* no attempt'';'i!^li':-:he;;'made h e re  t o ’give a d e ta ile d  ■
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T , ■ snfi v:;.IJ, : from equat ions { 1 ) '  sr5 ( 2 ) % ;;-arU;JS ■' '■ Xi$h e r e f  o re , e l  im in at e n:.;
■(3) • ■ ■ f i r s t  ,"sub st i t  ut ing the  value' % f in;;'equation (3 )  we get
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. la. id e a l- .p la in  serle.s m otor, th e  
• s ta to r  r ir d in g  m  t& so .designed ‘th a t  •.. 
i t s  'e ffe c tiv e - number o f  tu rn s  is  equal 
to 'th e  e f fe c t iv e ; number o f  -tferns* o f  the  
armature along th e  hraSh axis* -;©nd th a t  
•^hen th e  two are p ro p e rly  conni'dted:" in - . 
eer ie s . the  i  r  re s u lt  ant ampere^turne,: 
become sexo, Hence t- J0C ~  0
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f h Is  equation la  id e n t ic a l  to7thfe one obtained fo r -p la in  re p u ls io n ' 
.motor* see p»?4 , i f  he change e -f.s ig n  o f  th e  term ' JL^on in d ic a te s  
■■that 'the d ire c t io n ’ o f  'ro ta tio n ;'o f th is  motor is  opposite  to  t h a t  o f  
.-.the"p la in ;rep u ls ion  motor* v7o;7 7 ^ h-:- 7 7 V
Vector Diagram of the
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duced in the \ 
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Repulsion ind uction  m otor.
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Stator Winding----
Commutator Wdng. —  
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H ere, the  ro to r  has a eomrautator winding on th e  to p  o f % s q u ir r e l  
cage, ‘ -She -'Slots o f  th e  two .windings are so designed and. placed g 
with',respect...to each o th er, th a t  .the commutator ■winding has p r s c t i -  , 
c a lly  no leakage rea c ta n c e . separate from th a t  o f  th e  s q u ir r e l  cage. ' 
Hence, in the  .equ iva len t c i r c u i t  diagram .fo r...th is  motor, the branch 
represent ing the., commutator winding i s . shown, hy a non in d u c tiv e  
res is tan ce  ' * f’ Ind the  term  ■-X represents th e  reactan.ce, due to  the.-, 
‘common le a k a g e ' f lu x - o f ' th e  tw o;; windings ;
She q u a n tit ie s  -along m m ax is  a re ,
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S im ila r ly ,  the  quant it. ies  along . n n a x is  a re ,
•tr *_ p , Tt«»
vn ' *” r t  - j - 1
Ig a in , in  t h is  motor th e  two s ta to r  windings, a re ’ connected in a e rie s
A  3  ^ , 1* ■ ^  l in e  curren t ;.
and ? '■ ' ¥m ' +* ' ; ’ :T:^ ’ ‘ v o lta g e " ;
- - I*C .4* r - %  v-
From th e  above equations' , th e ' va lues 'o f t h e  'terms. 25 ^ and J£ are  
obtained in  term s o f  ' X* v
lo  w ■'■■'■
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■Angle Between the  a x is  . 
o f  the ' two '-stator - wdngs*
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® . Component o f ' t h e  e l l i p t i *
e a l ly  ro ta tin g  f l  e l d along .
,'v' . 1C — —
- m m axis*' .
■ —* ■ Component' o f ''th e  . e l l ip t i c
e e l iy  ro ta t in g  f ie ld "  along ■"
n n ’"-axis# ' • ,
: ii , g
%en considering th e  q u a n t it ie s  along m a  a x is , the' e l l i p t i c  a l ly  
■ ro ta tin g  fie ld "  of. the  a i r  g a p '.w ill he-assumed to  Be made up two 
components # - at Bt.#/ s  to  each o th e r, one along a  m a x is  and equal 
to  and the  o th e r  perp en d icu lar to  7m m a x is  and equal to  p j, „ 
Both- Jg' and #  are r e c to t  quart i t  ie s * -  ,r A g a in ,. the re c to r  sum' of- 
the  components o f  -aio^g n n ax is  is  equal to J?n * -v Hence,
■ X  '
«
«’ •* -i^ h  
S im ila r ly ,
O
55 *+ . sin hm ;, & •
s  J#n oo sec K ■X  ' Xme°t . &
so'sec K : :;":'X u ;<30t I '  . ; , i ■
fhecom poncut. o f  e l 1ip t  i e a l ly  ro t a t ing f ie ld  
■ p erp en d icu lar'io '' n n '-axis*
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fh e  leakage f lu x e s  due to  r o to r  c u rre n ts  may a lso  .Be s p l i t  up int#~
d i f f e r e n t  components in . e x a c t ly  th e  same way-, a s . th e  main 'f ie ld s *  '
=  S'" eosee X. -  X I  co t X
^  cosec -  JT'n co t K
le t  E!m ... r  . Humber o f  tu rn s  in  th e  s ta to r  w ind ing H *
And . u »  lum ber' o f  tu rn s  in  th e  s ta to r  w ind ing  B . .
JW /  q ■ ■"' =  ::H b ^  HjJ . v :. :
A l l  t i e  e le c t r ic a l  q u a n t i t ie s  a lo n g  ra m :a x ls  are expressed in  te rn s
o f  the ' s ta to r  'wind in g  VM ^ - s i m i l a r l y a l l  • th e  e le c t r ic a l  q u a n t i t ie s  . 
a long : n n a x is  are expressed in  term s o f  th e  s ta to r-.w in d in g  1 *
lo w  c o n s id e rin g  m m .a x is  ,
• . ' • ' ■■«•  ' f r a n a fo m e r  e v rnmf *  due to  f f m ■ /-= —J k
,' . '^ r - ■ =  ;~ •':.■ v K o ta t io n a l■ d u e to .,
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' ' ■ ’ 1' '  ~ ■ v ' ' ■ ’
ZZ j  ( T  ^ n t COSCC K l ^  cot K ).
q "u
' ::^ y  'R o ta tio n a l 'e*m*.f*; due t o - th e  le a k a g e 'f lu x  j2f£
=  s r ' l  l " 2 "  008«e K -  I * X  cot X. } '■ ^ n n m m
^oa ' ~  ^  *m - .
f t  “  £« t  +  \ r : t  ^ k r  * * : ‘ ’ * - . . . ( l )
. ./"S im ila r ly , c o n s id e rin g  ‘ -n n a x is
;■ ss . :■ ■;' f  ransformer-: e#m if*. due t o »■■ — 3 k j2f  •■'..q-;
■' : ‘V'; 119 ■
' =  ' 'B o ta tio n a l du© *<> Mg
■". =  -; " d q  k {0m co sac K " _  '0n cot E )
— ' — S J ( q t l ^  eosee E — B  ^ cot E )
=  B o ta tio n a l' er m»fr due to th e  leakage f l u x . jf* 
y ~  -  S f q ceeec E - w  .. ./J jx j cot E )
^or ’ .' — . * t ^n ’ ^  ....
~  ' . - A i t  t  Kg r  i  ^gr ...... . ■ (%)
S u b s titu tin g  the values o f B, _ t SE ,1^ :.B* -1  ^ and ..."f* in equatioifs .Kr g r ixx S* : ffi- ■ Ju
f 1) and ( t) 91rand q re a rra n g in g ,...........
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' =  ' — J ' ( + -  X  cot. K) L ' v  x» ■■;l - £2£ ! £ l  ■m m T  ,.a ,T  n n q ( la )
1 x  IS c o t  X x  1  ( 2" -  SX.* o o t  'K j l  -  £  + ? *  )T  .•. T  on n ■ n j  mt * q . - ■ m am
. ' ■— *a  X*- Sq cosec .E
• . . .  * ( S . a )
B lim in a tln g  , from equations - ( la )  -arid {£a) , wa get
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i l im in a t in g  E ^  from equations ( la )  and (Ba) # -and o m ittin g
r e la t iv e ly  small, q u a n tit ie s
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fh e o ry  of .■*&-&£ E& £0£& motors
A t? '-  - I f ,  ia  Appendix V-Xi, the  vo ltag e  ¥ is  reduced to zero , -the
\r - -■ - ,
s ta to r  winding 1 i.t;.e.!.v becomes short c irc u ite d  on i t s e l f , ,  and the  
m otor is  then termed as shaded pole maohine.
low, ¥ n
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.Substitu ting  th is  value o f  V  1b the  equation f o r  V and .o m ittin g  
q u a n tit ie s  o f  second. o lder," we get
m *ra i  t  • *5 ** ^  ^  ^ ^
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I t  may he noted th a t th is  equ& tion;-.is "independent o f  ■ q , - the ra t io  
o f  number’-o f tu rn s  o f  th e  two-''Windings*
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